The Bee Lab kit: activities engaging motivated

lay users in the use of open technologies for 

citizen science activities by Phillips, Robert
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  1	  of	  265	  
The	  Bee	  Lab	  kit:	  activities	  engaging	  motivated	  
lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  
citizen	  science	  activities	  	  
Research	  question:	  
By	  what	  means	  would	  a	  specific	  motivated	  interest	  group	  be	  enabled	  to	  engage	  in	  grassroots	  Citizen	  Science	  projects,	  
specifically	  to	  make	  their	  own	  data	  gathering	  equipment	  in	  order	  to	  participate	  in	  the	  collection	  of	  data?	  
Robert	  Daniel	  Phillips	  
PhD	  Submission	  
Awarded	  by	  the	  Royal	  College	  of	  Art	  
Horizon	  Digital	  Economy	  Research,	  Nottingham	  
March	  2014	  
	  
	  
Copyright	  Statement	  
This	  text	  represents	  the	  submission	  for	  the	  degree	  of	  Doctor	  of	  Philosophy*	  at	  the	  Royal	  College	  of	  
Art.	  This	  copy	  has	  been	  supplied	  for	  the	  purpose	  of	  research	  for	  private	  study,	  on	  the	  understanding	  
that	  it	  is	  copyright	  material,	  and	  that	  no	  quotation	  from	  the	  thesis	  may	  be	  published	  without	  proper	  
acknowledgment.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  2	  of	  265	  
My	  contribution(s)	  to	  knowledge	  is/are:	  	  
1) The	  creation	  of	  a	  repeatable	  Open	  Design	  /	  Citizen	  Science	  model	  based	  upon	  the	  live	  
testing	  from	  the	  Bee	  Lab	  project	  appendix	  (O)	  
2) Open	  Design	  Standards	  (paper	  pending	  publication)	  appendix	  (K)	  
	  
Throughout	  history,	  technology	  has	  been	  an	  agent	  of	  change,	  with	  examples	  including	  the	  printing	  
press,	  the	  sewing	  machine,	  mobile	  communications,	  the	  internet,	  3D	  printing	  and	  open	  hardware.	  
These	  tools	  and	  resources	  have	  shifted	  the	  economic	  model	  of	  design	  from	  a	  top-­‐down	  model,	  to	  aid	  
tool	  owners	  and	  lay	  users	  to	  actively	  contribute	  design	  inputs	  and	  outputs.	  The	  barriers	  to	  entry	  for	  
lay	  users	  creating	  and	  adapting	  technology	  have	  been	  lowered	  by	  the	  democratisation	  of	  
machineries,	  the	  Internet	  and	  fabrication	  laboratories	  located	  around	  the	  country.	  Accessible	  
technologies	  are	  enabling	  knowledgeable	  but	  untrained	  users	  to	  construct	  intelligent	  artefacts	  that	  
can	  monitor,	  record	  and	  subsequently	  produce	  data.	  The	  data	  accrued	  by	  these	  artefacts	  can	  be	  
instrumental	  in	  scientific	  research,	  exploring	  contextual	  situations	  and	  answering	  non-­‐professional	  
communities’	  research	  questions.	  This	  volunteer	  monitoring,	  or	  ‘Citizen	  Science’,	  extends	  the	  reach	  
of	  organisation(s)	  and	  has	  traditionally	  been	  initiated	  from	  a	  top-­‐down	  approach.	  The	  intended	  
audience	  for	  this	  PhD	  work	  is:	  Citizen	  Science	  practitioners,	  designers	  who	  want	  to	  engage	  lay	  user	  
audiences,	  museums,	  conservation	  organisations,	  and	  charities.	  These	  audiences	  can	  benefit	  from	  
involving	  lay	  users	  and	  relevant	  technologies	  in	  gathering	  environmental	  data,	  meeting	  individual	  
and	  organisational	  needs.	  	  
	  
The	  human	  race	  has	  spent	  generations	  exploring	  its	  relationship	  with	  wildlife:	  using	  the	  natural	  
world	  to	  grow	  and	  harvest	  food,	  gather	  fauna	  for	  medicinal	  purposes	  and	  curate	  materials	  for	  
warmth	  and	  shelter.	  Mankind’s	  relationship	  with	  the	  environment	  directly	  correlates	  with	  the	  
animals,	  fauna	  and	  insects	  living	  within	  it.	  In	  2013,	  British	  conservation	  trusts	  published	  the	  State	  of	  
Nature	  (Burns,	  Eaton	  et	  al.	  2013).	  The	  report	  authors	  categorically	  state	  that	  “60%	  of	  the	  3,148	  UK	  
species	  we	  assessed	  have	  declined	  over	  the	  last	  50	  years	  and	  31%	  have	  declined	  strongly”	  (Burns,	  
Eaton	  et	  al.	  2013).	  This	  was	  supported	  by	  a	  Government	  white	  paper,	  The	  Natural	  Choice,	  stating	  
that	  “whether	  we	  live	  in	  the	  city	  or	  the	  countryside,	  we	  rely	  on	  the	  natural	  systems	  that	  support	  us”	  
(HM	  Government	  2012).	  These	  prominent	  publications	  call	  the	  public	  to	  action	  by	  engaging,	  
conserving	  and	  protecting	  local	  wildlife	  before	  it	  is	  too	  late,	  either	  in	  preventative	  or	  observational	  
activities.	  	  
	  
The	  PhD	  work	  aligns	  technological	  opportunities	  with	  self-­‐selecting	  motivated	  participants,	  
investigating	  their	  desire	  to	  monitor	  wildlife	  within	  their	  custody.	  It	  used	  an	  ethnographic	  and	  user-­‐
centred	  design	  approach	  with	  amateur	  beekeepers.	  The	  work	  built	  reciprocal	  interest	  in	  data	  which	  
users	  could	  gather	  from	  self-­‐assembled	  monitoring	  tools.	  This	  PhD	  explores	  the	  relationship	  
between	  Open	  Design	  and	  Citizen	  Science,	  testing	  it	  ‘in-­‐the-­‐wild’	  through	  the	  Bee	  Lab	  kit.	  The	  
development	  of	  the	  kit	  and	  territory	  research	  was	  carried	  out	  in	  close	  collaboration	  with	  a	  local	  
beekeeping	  community	  based	  in	  the	  South	  East	  of	  England.	  The	  work	  engaged	  with	  the	  British	  
Beekeepers	  Association	  (BBKA),	  a	  Citizen	  Science	  stakeholder	  and	  technology	  provider	  Technology	  
Will	  Save	  Us	  (TWSU),	  informing	  the	  project	  at	  each	  stage.	  
The	  PhD	  territory	  was	  highlighted	  in	  scoping	  design	  workshops	  with	  the	  public	  (Phillips.	  R,	  Baurley.	  S,	  
Silve.	  S)	  and	  developed	  into:	  cultural	  probes	  deployed	  nationally	  investigating	  beekeepers’	  ‘making’	  
activities	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  2013b),	  ethnographic	  studies	  identifying	  beekeepers’	  
product	  creations	  and	  re-­‐appropriations	  for	  beekeeping	  praxis,	  participatory	  design	  workshops	  
establishing	  lay	  users’	  ‘technologically	  enabled	  conversations	  with	  bees’	  (Phillips.	  R,	  Ford.	  Y,	  Sadler.	  
K,	  Silve.	  S,	  Baurley.	  S	  2013),	  technology	  kit	  assembly	  workshops	  testing	  kit	  design	  and	  competence	  of	  
lay	  users	  (Phillips,	  Blum	  et	  al.	  2014),	  and	  mental	  models	  of	  creating	  instructional	  content	  (Phillips,	  
Robert.,	  Lockton,	  Dan.,	  Baurley,	  Sharon	  &	  Silve,	  Sarah	  2013).	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The	  project	  worked	  with	  Citizen	  Science	  Vendors,	  Sussex	  Wildlife	  Trust	  and	  Cornell	  Laboratory	  of	  
Ornithology,	  ascertaining	  the	  framing	  of	  Open	  Design/Citizen	  Science	  projects	  through	  a	  design	  
toolkit.	  The	  design	  toolkit	  invention	  and	  testing	  was	  carried	  out	  with	  conservation	  organisations	  
(Phillips,	  R	  &	  Baurley,	  S	  2014)	  and	  technology	  kit	  deployment	  ‘in-­‐the-­‐wild’	  with	  end	  users	  (Phillips,	  
R.,	  Blum,	  J.,	  Brown,	  M.	  &	  Baurley,	  S	  2014).	  Finally,	  the	  work	  identified	  the	  motivations	  of	  the	  
individual	  stakeholders	  within	  the	  project.	  
	  
This	  PhD	  work	  tested:	  	  
“By	  what	  means	  would	  a	  specific	  motivated	  interest	  group	  be	  enabled	  to	  engage	  in	  grassroots	  Citizen	  
Science	  projects,	  specifically	  to	  make	  their	  own	  data	  gathering	  equipment	  in	  order	  to	  participate	  in	  
the	  collection	  of	  data”?	  	  
	  
The	  research	  yielded:	  electronics	  kits	  that	  beekeepers	  deployed	  within	  their	  apiaries,	  design	  
methodologies	  and	  a	  brief	  scoping	  design	  toolkit	  for	  framing	  Open	  Design/Citizen	  Science	  projects.	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Chapter	  1	  	  
1 Introduction	  
In	  To	  Save	  Everything	  Click	  Here	  the	  author	  Morozov	  presents	  insights	  where	  the	  proliferation	  of	  
information	  and	  technologies	  has	  become	  a	  powerful	  agent	  of	  change.	  Technology	  is	  indeed	  
becoming	  an	  agent	  for	  mass	  cultural	  change,	  as	  it	  gives	  previously	  inaccessible	  opportunities	  to	  
groups	  that	  are	  either	  disenfranchised,	  underserved	  or	  not	  considered	  as	  potential	  users.	  The	  
sewing	  machine,	  a	  manufacturing	  technology,	  has	  been	  coined	  an	  ‘agent	  of	  change’	  with	  the	  power	  
to	  reproduce	  garments	  from	  accessible	  information.	  When	  the	  201	  springer	  sewing	  machine	  was	  
launched	  in	  1935,	  it	  made	  the	  production	  of	  clothes	  and	  home	  furnishings	  accessible	  to	  those	  who	  
could	  afford	  it.	  The	  democratisation	  of	  more	  complex	  ‘manufacturing	  technologies’	  in	  recent	  years	  
has	  opened	  up	  the	  capability	  for	  non-­‐professional	  people	  to	  create	  their	  own	  products,	  items	  for	  
retail	  or	  build	  on	  others’	  constructional	  recipes.	  Open	  Design	  uses	  recipes	  and	  accessible	  
technologies	  to	  furnish	  opportunities	  for	  lay	  users	  to	  ‘design’	  and	  create	  artefacts.	  	  
Open	  Design	  is	  the	  “free	  distribution,	  documentation	  and	  permission	  of	  modifications	  and	  
derivations”	  of	  an	  object,	  product	  or	  service	  (van	  Abel	  2011a).	  This	  process	  of	  design	  “empowers	  
people	  to	  make	  and	  understand	  products	  and	  processes,	  with	  more	  transparency”,	  leading	  to	  more	  
independent	  user-­‐led	  design	  (van	  Abel	  2011a).	  Open	  Design	  is	  optimised	  by	  digital	  fabrication	  where	  
users	  can	  create	  physical	  ‘things’	  from	  digital	  construction	  data.	  Open	  Design	  is	  not	  a	  new	  
phenomenon;	  with	  transferable	  design	  information	  from	  the	  textile	  industry	  known	  as	  ‘patterns’,	  
users	  can	  purchase/download	  a	  textile	  pattern,	  tailoring	  outputs	  to	  meet	  personal	  aesthetic,	  fitting	  
or	  material	  requirements.	  These	  patterns	  can	  be	  sold	  in	  conjunction	  with	  materials	  creating	  
construction	  kits	  or	  self-­‐assembly	  products.	  Kits	  are	  a	  series	  of	  components	  assembled	  to	  form	  a	  
more	  detailed	  construction,	  making	  it	  more	  financially	  accessible	  to	  the	  assembler.	  Skilled	  hobbyists	  
and	  lay	  users	  have	  been	  able	  to	  create	  artefacts	  if	  they	  have	  the	  propensity	  to	  use	  the	  tools	  or	  
enabling	  technologies.	  People	  still	  require	  the	  time,	  skills,	  motivation	  and	  knowledge	  to	  execute	  
their	  fabrications.	  	  
Weblogs	  and	  “Wikis	  have	  been	  readily	  adopted	  in	  civil	  society	  and	  are	  transforming	  the	  way	  many	  of	  
us	  access	  information,”	  making	  information	  available	  for	  either	  use	  or	  re-­‐appropriation	  (Hasan,	  Pfaff	  
2006,402).	  The	  access	  to	  information	  and	  the	  capabilities	  to	  turn	  a	  digital	  file	  into	  a	  product	  give	  
users	  the	  ability	  to	  design	  products	  they	  consume,	  or	  become	  “pro-­‐sumers”	  (Franke,	  Piller	  
2004,403).	  The	  increase	  of	  “digital	  manufacture	  has	  enabled	  [what	  many	  see	  as]	  the	  
democratisation	  of	  product	  design,	  enabling	  people	  with	  motivation	  and	  little	  or	  no	  funds	  to	  finance	  
mass	  manufacture,	  developing	  their	  own	  bespoke	  solutions”	  (von	  Hippel,	  Paradiso	  2008,	  8).	  	  
Fabrication	  Laboratories	  (Fab	  Labs)	  housing	  digital	  fabrication	  equipment	  and	  manufacturing	  
knowledge	  have	  existed	  in	  the	  United	  States	  since	  2003	  and	  are	  becoming	  more	  commonplace,	  with	  
their	  number	  doubling	  every	  12	  months	  (Charny	  2011).	  Fab	  Labs	  run	  public	  engagement	  events,	  
providing	  lay	  users	  with	  access	  to	  equipment	  usually	  beyond	  their	  means.	  Technology	  companies	  are	  
also	  now	  producing	  open	  accessible	  technologies,	  fuelling	  these	  spaces	  with	  hardware	  that	  can	  be	  
used	  for	  education,	  provide	  means	  for	  batch	  production	  and	  become	  standard	  components	  in	  open	  
products.	  Fabrication	  spaces	  enable	  lay	  users	  to	  access	  and	  engage	  with	  technologies,	  possibly	  
taking	  their	  concepts	  to	  market	  due	  to	  the	  reduction	  in	  entry	  level	  finance	  through	  digital	  
manufacture.	  This	  accessibility	  of	  technology	  enables	  bottom	  up	  ventures	  fuelled	  by	  lay	  
communities	  that	  would	  otherwise	  not	  be	  able	  to	  create	  products.	  The	  proliferation	  of	  electronics	  
creation	  platforms	  lets	  participants	  access	  and	  create	  intelligent	  products.	  These	  products	  can	  sense,	  
monitor	  and	  record	  environmental	  or	  contextual	  data	  dependant	  on	  the	  user’s	  needs,	  cost	  and	  
access	  to	  componentry.	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In	  Boundaries?	  What	  Boundaries?	  The	  Crisis	  of	  Design	  in	  the	  Post-­‐Professional	  Era,	  Atkinson	  
comments	  that	  the	  boundaries	  of	  design	  are	  being	  removed,	  with	  the	  designer	  and	  user	  envisioned	  
as	  the	  same.	  These	  theories	  build	  on	  Von	  Hippels’	  ‘user-­‐designers’,	  where	  the	  end	  user	  is	  also	  
responsible	  for	  the	  embodiment	  and	  execution	  of	  the	  products	  they	  use.	  In	  Future	  Craft:	  How	  Digital	  
Media	  is	  Transforming	  Product	  Design,	  Bonanni	  et	  al	  describe	  ‘local	  design’	  and	  how	  “needs	  and	  
resources	  of	  local	  communities	  can	  be	  addressed	  by	  new	  techniques	  in	  design	  and	  fabrication”	  
(Leonardo	  B,	  et	  al.	  2008,	  5).	  	  
The	  human	  race	  has	  spent	  generations	  exploring	  its	  relationship	  with	  wildlife,	  using	  the	  natural	  
world	  to	  grow	  food,	  gather	  fauna	  for	  medicinal	  purposes	  and	  curate	  materials	  for	  warmth,	  clothing	  
and	  shelter.	  Mankind’s	  relationship	  with	  the	  environment	  has	  a	  direct	  correlation	  on	  the	  fauna	  and	  
species	  that	  live	  within	  it.	  In	  2013,	  British	  conservation	  and	  species	  trusts	  joined	  forces	  to	  publish	  the	  
State	  of	  Nature.	  Within	  the	  report	  they	  categorically	  state	  that	  “60%	  of	  the	  3,148	  UK	  species	  
assessed	  have	  declined	  over	  the	  last	  50	  years	  and	  31%	  have	  declined	  strongly”	  (Burns,	  E	  et	  al.	  
2013,6).	  This	  attention	  was	  supported	  by	  a	  Government	  white	  paper,	  The	  Natural	  Choice,	  stating	  
that	  “whether	  we	  live	  in	  the	  city	  or	  the	  countryside,	  we	  rely	  on	  the	  natural	  systems	  that	  support	  us”	  
(HM	  Government	  2012).	  These	  prominent	  publications	  are	  calling	  members	  of	  the	  public	  to	  action	  
by	  engaging,	  conserving	  and	  protecting	  local	  wildlife	  before	  it	  is	  too	  late,	  either	  in	  preventative	  or	  
observational	  activities.	  	  
Intelligent	  fabricated	  tools	  are	  being	  placed	  in	  the	  hands	  of	  the	  lay	  user	  (and	  public)	  to	  gather	  and	  
record	  information	  about	  their	  environment.	  This	  accrued	  information	  or	  ‘data’	  can	  be	  used	  by	  
organisations	  or	  individuals	  for	  Citizen	  Science.	  Citizen	  Science	  is	  broadly	  defined	  as	  the	  involvement	  
of	  volunteers	  in	  science,	  providing	  an	  “indispensable	  means	  of	  combining	  environmental	  research	  
with	  environmental	  education	  and	  wildlife	  recording”	  (Roy,	  H.E.	  et	  al.	  2012,	  6).	  Top-­‐down	  Citizen	  
Science	  models	  “let	  the	  public	  engage	  but	  rarely	  do	  the	  participants	  dictate	  possible	  directions	  or	  
witness	  scientific	  ramifications”	  (Mueller,	  Tippins	  2012,	  2).	  Grassroots	  Citizen	  Science	  activities	  “can	  
play	  a	  major	  role	  in	  studies,	  often	  initiating	  the	  surveys	  leading	  to	  professional	  attention	  and	  
intervention”	  (Heiman	  1997b,	  297).	  	  
Within	  the	  United	  Kingdom	  there	  are	  24,000	  registered	  members	  of	  the	  British	  Beekeepers	  
Association	  (BBKA)	  (Anonymous	  2014).	  Beekeepers	  are	  typically	  ‘custodians	  of	  bees’,	  more	  
specifically	  the	  honey	  bee	  (apis	  mellifera).	  Since	  2008	  the	  act	  of	  beekeeping	  has	  transformed,	  
following	  the	  introduction	  of	  the	  Varroa	  mite	  (Morse,	  G	  1979),	  Colony	  Collapse	  Disorder	  (McCallum,	  
B	  2009)	  and	  environmental	  changes	  (GOV.UK	  2014).	  Honey	  bees	  (pollinators)	  help	  to	  “increase	  the	  
yield	  of	  produce	  in	  orchards,	  gardens	  and	  allotments,	  and	  at	  the	  same	  time	  ensure	  the	  survival	  of	  
healthy	  plants”	  (Cramp	  2011,	  13).	  As	  well	  as	  food	  crops,	  honey	  bees	  also	  pollinate	  wild	  flowers,	  
which	  would	  otherwise	  have	  difficulty	  in	  setting	  seed.	  	  
In	  the	  Economic	  Valuation	  of	  the	  Vulnerability	  of	  World	  Agriculture	  Confronted	  with	  Pollinator	  
Decline,	  Gallia	  et	  al	  describe	  the	  economic	  value	  of	  pollinators	  (Gallai,	  Salles	  et	  al.	  2009).	  Gallia	  et	  al	  
describe	  that	  “84%	  of	  crop	  species	  cultivated	  in	  Europe	  depend	  directly	  on	  insect	  pollinations,	  
especially	  bees”	  (Gallai,	  Salles	  et	  al.	  2009,	  811).	  Gallia	  et	  al	  “calculated	  a	  world	  value	  for	  the	  
contribution	  of	  pollinators	  to	  the	  production	  of	  crops	  used	  directly	  for	  human	  food	  of	  €153	  billion,	  
which	  is	  about	  9.5%	  of	  the	  total	  value	  of	  the	  production	  of	  human	  food	  worldwide”	  (Gallai,	  Salles	  et	  
al.	  2009,	  819).	  In	  Valuing	  Insect	  Pollination	  Services	  with	  Cost	  of	  Replacement	  Allsopp	  et	  al	  provide	  
evidence	  that,	  within	  the	  United	  States,	  the	  “managed	  honeybee	  pollination	  is	  worth	  $28.0-­‐122.8	  
million	  US	  Dollars”,	  “Wild	  Pollinators	  $49.1-­‐310.9	  million	  US	  Dollars”	  (Allsopp,	  De	  Lange	  et	  al.	  2008,	  
3).	  
In	  2006,	  professional	  beekeeper	  Dave	  Hackenberg	  noticed	  that	  368	  hives	  out	  of	  400	  were	  almost	  
empty.	  This	  loss	  of	  85%	  of	  his	  colonies,	  comprising	  3000	  hives,	  equated	  to	  $450,000	  of	  income	  
(Stokstad	  2007,	  970).	  These	  individual	  findings	  were	  shared	  with	  local	  university	  entomologists,	  who	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that	  started	  to	  note	  similar	  findings	  up	  and	  down	  the	  United	  States.	  This	  phenomenon	  was	  later	  
called	  Colony	  Collapse	  Disorder	  (CCD).	  In	  A	  World	  Without	  Bees,	  Benjamin	  et	  al	  disscuss	  the	  CCD	  
crisis	  that	  could	  face	  an	  international	  audience	  (Benjamin,	  M	  2009).	  Without	  the	  survival	  of	  the	  
honey	  bee,	  the	  human	  diet	  would	  become	  bland	  and	  the	  proliferation	  of	  wild	  fauna	  would	  be	  
reduced,	  affecting	  species	  reliant	  on	  wild	  produce	  and,	  in	  turn,	  the	  entire	  eco-­‐system	  and	  bio-­‐
diversity	  of	  the	  planet.	  	  
The	  farming	  minister	  Lord	  Rooker	  told	  parliament	  in	  November	  2007,	  “we	  do	  not	  deny	  that	  bee	  
health	  is	  at	  risk.	  Frankly,	  if	  nothing	  is	  done	  about	  it,	  the	  honeybee	  population	  could	  be	  wiped	  out	  in	  
10	  years”	  (Benjamin,	  M.	  2009,	  243).	  Since	  these	  developments,	  the	  British	  Government	  and	  Defra	  
have	  established	  research	  programmes	  reviewing	  the	  concept	  of	  “Bee	  health”	  (GOV.UK	  2014).	  These	  
initiatives	  stem	  from	  a	  top-­‐down	  model	  governed	  by	  international	  researchers,	  scientists	  and	  
government	  bodies.	  	  
In	  the	  mountains	  of	  Sichuan	  in	  China,	  workers	  hand	  pollinate	  pear	  trees	  with	  chicken	  feathers	  
attached	  to	  bamboo	  canes	  and	  have	  been	  doing	  so	  for	  20	  years,	  as	  their	  honey	  bee	  populations	  have	  
become	  extinct	  due	  to	  over	  pollution	  and	  lack	  of	  response	  (Benjamin,	  M.	  2009,	  239).	  This	  practice	  of	  
hand	  pollination	  is	  expensive	  and	  does	  not	  cater	  for	  wild	  varieties	  of	  fauna,	  which	  other	  species	  
might	  rely	  on.	  In	  Valuing	  Insect	  Pollination	  Services	  with	  Cost	  of	  Replacement,	  Allsopp	  et	  al	  examine	  
pollen	  dusting,	  pollen	  sprayed	  from	  planes,	  which	  “requires	  two	  aerial	  applications	  per	  hectare”,	  
(Allsopp,	  De	  Lange	  et	  al.	  2008,	  6).	  Pollen	  spraying	  is	  also	  costly	  and	  mainly	  used	  for	  agricultural	  
purposes,	  not	  including	  non-­‐agricultural	  areas.	  Insect	  pollination	  is	  an	  important	  ecosystem	  to	  
agriculture,	  “improving	  production	  in	  75%	  of	  global	  crops”	  demonstrating	  the	  insect’s	  importance	  
(Klein,	  Vaissiere	  et	  al.	  2007,	  18).	  In	  January	  2014,	  Breeze	  et	  al	  published	  that	  the	  decline	  in	  insect	  
pollinators	  across	  Europe	  has	  raised	  concerns	  about	  the	  supply	  of	  pollination	  services	  to	  agriculture.	  	  
The	  “capacity	  of	  UK	  honeybee	  populations	  to	  provide	  optimal	  pollination	  services	  has	  fallen	  
dramatically	  during	  the	  last	  20	  years.	  In	  contrast	  to	  expected	  trends,	  insect	  pollinated	  crop	  yields	  
have	  risen	  substantially	  during	  this	  time,	  implying	  that	  wild	  pollinators	  make	  a	  substantially	  
greater	  contribution	  to	  UK	  crop	  pollination	  services	  than	  previously	  assumed”	  (Breeze,	  Bailey	  et	  
al.	  2011,	  9).	  
Breeze	  et	  al’s	  work	  demonstrates	  that	  farming	  and	  amateur	  practice	  are	  linked	  to	  wildlife	  and	  can	  
have	  adverse	  effects	  on	  each	  other.	  	  
In	  a	  BBC	  Horizon	  special,	  What’s	  Killing	  Our	  Bees?,	  presenters	  documented	  that	  changes	  in	  the	  
weather	  and	  the	  wet	  summer	  of	  2012	  affected	  the	  United	  Kingdom’s	  bee	  populations	  (Robinson	  
2013).	  These	  changes	  in	  the	  climate	  and	  the	  poor	  winter	  weather	  are	  “doubling	  the	  losses	  of	  
honeybees”	  within	  the	  United	  Kingdom	  reported	  in	  2013	  (McGrath	  2013).	  The	  trajectory	  of	  
inclement	  weather,	  diseases	  and	  the	  reduction	  of	  local	  fauna	  or	  ‘forage’	  (pollinator	  food)	  for	  bees	  
present	  a	  situation	  troubling	  an	  international	  amateur	  and	  professional	  agriculture	  and	  beekeeping	  
community.	  	  
On	  6th	  March	  2014,	  the	  Department	  for	  Environmental	  Food	  and	  Rural	  Affairs	  (DEFRA)	  opened	  their	  
consultation	  process	  for	  a	  National	  Pollinator	  Strategy:	  for	  bees	  and	  other	  pollinators	  in	  England,	  
looking	  for	  amateur	  or	  professional	  solutions	  to	  address	  the	  challenge	  (DEFRA	  2014).	  The	  practice	  of	  
beekeeping	  is	  not	  unfamiliar	  to	  ‘amateur	  design’	  and	  equipment	  development.	  In	  1851/2	  “Rev.	  
L.L.Langstroth,	  showed	  that	  12mm	  is	  required	  between	  beehive	  frames”	  (Yates	  1999,	  25).	  This	  
amateur	  intervention,	  referred	  to	  as	  ‘bee	  space’,	  revolutionised	  the	  practice	  of	  amateur	  and,	  
subsequently,	  commercial	  beekeeping.	  The	  ‘bee	  space’	  insight	  produced	  the	  Langstroth	  bee	  hive,	  an	  
interchangeable,	  less	  invasive	  beehive	  compared	  to	  traditional	  medieval	  beekeepers	  skeps,	  now	  
used	  throughout	  amateur	  and	  commercial	  beekeeping.	  Beekeeping	  equipment,	  specifically	  the	  hive,	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is	  also	  sold	  and	  distributed	  in	  self-­‐assembly	  kit	  form	  for	  ease	  of	  distribution	  and	  cost	  reduction,	  
making	  beekeepers	  familiar	  with	  ‘DIY’	  assembly.	  	  
Amateur	  beekeepers	  were	  selected	  for	  the	  PhD	  research	  as	  “design	  is	  becoming	  an	  everyday	  activity	  
rather	  than	  a	  professional	  study”	  and	  a	  more	  relevant	  target	  audience	  for	  Open	  Design	  activities	  
(LEE.	  2007,	  12).	  This	  community’s	  familiarisation	  with	  ‘self-­‐assembly’	  aligns	  itself	  to	  constructional	  
elements	  of	  the	  DIY	  movement.	  Beekeepers	  are	  an	  active	  community	  with	  23,000	  BBKA	  members	  
(within	  the	  United	  Kingdom)	  and	  unknown	  quantities	  that	  are	  not	  BBKA	  members	  (Anonymous	  
2014).	  The	  BBKA	  has	  “260	  local	  branches	  throughout	  England	  and	  Northern	  Ireland”,	  so	  there	  is	  
already	  an	  established	  network	  (The	  British	  Beekeeping	  Association	  2012).	  The	  beekeeping	  
community	  also	  already	  has	  a	  social	  network	  of	  ‘apiary	  meetings’	  where	  local	  members	  get	  together	  
to	  learn	  from	  each	  other’s	  practice.	  Finally	  non-­‐professional	  beekeepers	  sell	  their	  honey	  yield,	  
presenting	  a	  financial	  incentive	  for	  maintaining	  ‘healthy	  bee	  stock’.	  This	  practice	  is	  carefully	  
legislated,	  with	  regulations	  “defining	  the	  quality	  of	  the	  product	  and	  labelling”	  (The	  British	  
Beekeeping	  Association	  2012,	  64).	  
Within	  the	  beekeeping	  study	  notes	  for	  the	  BBKA’s	  basic	  certificate	  in	  bee	  husbandry,	  Yates	  states	  
that	  “observations	  should	  be	  recorded	  each	  time	  the	  stock	  of	  bees	  is	  inspected”	  (Yates	  1999,	  7).	  This	  
is	  supported	  by	  the	  BBKA’s	  member’s	  handbook	  highlighting	  the	  importance	  of	  keeping	  up	  to	  date	  
hive	  records.	  Yates	  and	  the	  member’s	  handbook	  highlight	  the	  pre-­‐requisite	  for	  individual	  beekeepers	  
to	  accrue	  analogue	  written	  hive	  records,	  adhering	  to	  existing	  requirements	  to	  record	  ‘hive	  data’.	  To	  
“avoid	  stress	  to	  the	  bees,	  a	  stock	  should	  only	  be	  opened	  for	  a	  particular	  reason”,	  avoiding	  over	  
inspection	  through	  physically	  disassembling	  a	  hive	  (Yates	  1999,	  5).	  Digital	  monitoring	  of	  hives	  could	  
reduce	  the	  need	  to	  open	  hives,	  subsequently	  reducing	  the	  impact	  on	  the	  housed	  colony	  of	  bees,	  
whilst	  documenting	  live	  data	  digitally	  for	  global	  review.	  
This	  PhD	  research	  is	  required,	  because	  accessible	  self-­‐constructed	  technologies	  are	  becoming	  more	  
publically	  prolific	  (Gershenfeld	  N.	  2012).	  This	  proliferation	  of	  technology	  increases	  lay	  users’	  
potential	  to	  solve	  personal,	  local	  or	  community	  issues	  by	  creating	  monitoring	  tools	  to	  record	  
measurands	  for	  global	  review.	  The	  State	  of	  Nature	  report	  calls	  society	  to	  action,	  nurturing	  wildlife	  
beyond	  organisation(s)’	  capabilities.	  Technological	  accessibility	  and	  the	  State	  of	  Nature	  present	  
design	  interventions	  of	  community,	  social	  and	  environmental	  value.	  The	  potential	  for	  individuals	  and	  
communities	  to	  personally	  gather	  environmental	  data	  on	  their	  surroundings	  could	  also	  yield	  more	  
societally	  accessible	  ‘open’	  results.	  A	  recent	  article	  entitled	  Bee	  research	  tainted	  by	  corporate	  
funding	  highlighted	  the	  expurgation	  of	  research	  practices	  due	  to	  corporate	  funding	  agendas	  
(Carrington	  2014).	  Societal	  data	  gathering	  activities	  could	  avoid	  ‘corporate	  agendas’	  and	  place	  
responsibilities	  of	  local	  environments	  into	  the	  hands	  of	  pertinent	  society	  members.	  
The	  author	  recognises	  that	  there	  are	  mass	  manufactured	  systems	  for	  bee	  farmers	  and	  individuals	  to	  
monitor	  measurands	  of	  their	  colonies.	  However,	  the	  author	  hypothesises	  that	  lay	  users	  could	  create,	  
assemble	  and	  implement	  technological	  monitoring	  interventions,	  if	  they	  have	  the	  personal	  
propensity	  and	  opportunities	  to	  at	  their	  disposal.	  Lay	  users	  constructing	  technologies	  not	  only	  
addresses	  individuals’	  bespoke	  requirements,	  but	  can	  also	  furnish	  community	  goals,	  extending	  
organisation(s)	  reach	  through	  public	  engagement.	  	  
An	  explorative	  public	  design	  workshop,	  conducted	  by	  the	  author,	  highlighted	  the	  opportunities	  and	  
signposts	  in	  the	  relationship	  of	  Open	  Design	  and	  Citizen	  Science	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S,	  2014)	  
appendix	  (E).	  Within	  the	  public	  workshop,	  participants	  theoretically	  designed	  monitoring	  devices,	  
gathering	  data	  to	  enhance	  their	  own	  contextually	  based	  experience.	  These	  devices	  reciprocally	  
gathered	  data	  for	  alternate	  parties	  whilst	  enriching	  the	  user’s	  personal	  experience	  (Phillips.	  R,	  
Baurley.	  S,	  Silve.	  S,	  2014).	  The	  public	  workshop	  led	  to	  surprising	  self-­‐orientating	  results	  by	  self-­‐
selecting	  participants.	  The	  workshop	  also	  highlighted	  that	  the	  relationship	  of	  Citizen	  Science	  and	  
Open	  Design	  is	  strongly	  dependent	  on	  the	  contextual	  scenario	  and	  stakeholders.	  For	  example,	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stakeholders	  that	  had	  more	  to	  individually	  gain	  from	  the	  monitoring	  scenario	  were	  more	  engaged	  in	  
the	  workshop	  task	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S,	  2014).	  	  
The	  literature	  on	  the	  practice	  of	  beekeeping	  has	  demonstrated:	  an	  established	  community,	  active	  
requirement	  in	  collating	  data,	  an	  interest	  in	  environmental	  changes	  at	  apiary	  locations,	  financial	  
incentives	  and	  the	  active	  presence	  of	  self-­‐assembly	  equipment.	  In	  order	  to	  validate	  the	  choice	  of	  
beekeepers	  as	  a	  representative	  group,	  workshops	  have	  been	  executed.	  	  
This	  PhD	  explores	  the	  relationship	  of	  Open	  Design	  and	  Citizen	  Science,	  testing	  it	  practically	  through	  a	  
case	  study:	  ‘The	  Bee	  Lab	  Kit’.	  The	  design	  methodologies	  can	  inform	  other	  Citizen	  Science	  practice,	  
evolving	  it	  from	  scientists’	  research	  questions	  to	  technological	  capabilities	  that	  are	  accessible	  to	  the	  
lay	  user.	  The	  public	  workshop	  informed	  the	  territory	  and	  thesis’	  structure,	  comprising	  seven	  design	  
studies.	  The	  thesis	  answers	  the	  research	  question:	  
By	  what	  means	  would	  a	  specific	  motivated	  interest	  group	  be	  enabled	  to	  engage	  in	  grassroots	  Citizen	  
Science	  projects,	  specifically	  to	  make	  their	  own	  data	  gathering	  equipment	  in	  order	  to	  participate	  in	  
the	  collection	  of	  data,	  and	  to	  share	  their	  knowledge”?	  
Chapter	  2,	  Literature	  Review	  
The	  literature	  review	  identifies	  and	  documents	  pertinent	  approaches	  in	  Open	  Design,	  Citizen	  Science	  
and	  project	  examples	  where	  these	  two	  disciplines	  affiliate.	  The	  literature	  review	  also	  identifies	  the	  
opportunity	  for	  these	  territories	  to	  be	  more	  closely	  aligned,	  meeting	  the	  individuals’	  and	  the	  project	  
organisers’	  requirements.	  
Chapter	  3,	  Methodology	  Introduction	  and	  Methodology	  Techniques	  	  
The	  project’s	  methodology	  identified	  research	  tools	  and	  techniques,	  enabling	  lay	  users	  to	  inform	  the	  
research	  through:	  cultural	  probes,	  participatory	  design	  workshops,	  Hackathons	  and	  technology	  
deployment	  ‘in	  the	  wild’	  with	  end	  users.	  Each	  methodological	  technique	  is	  identified	  for	  the	  
intended	  audience	  in	  the	  following	  design	  studies	  to	  engage	  self-­‐selecting	  lay	  audiences.	  
Chapter	  4,	  Understanding	  the	  user	  and	  their	  capabilities:	  understanding	  what	  non-­‐professional	  
beekeepers	  are	  capable	  of	  making	  -­‐	  what	  they	  make	  and	  what	  that	  says	  about	  their	  
requirements	  and	  motivations,	  the	  means	  by	  which	  they	  make,	  and	  how	  these	  means	  
enable	  people	  to	  make.	  
Chapter	  4	  responds	  to	  two	  sub	  questions	  from	  the	  research	  question:	  	  
1) Do	  non-­‐professional	  beekeepers	  currently	  make	  and	  what	  are	  those	  artefacts?	  
2) What	  artefacts	  do	  non-­‐professional	  beekeepers	  make	  or	  re-­‐appropriate	  directly	  related	  to	  
the	  practice	  of	  keeping	  bees?	  
The	  author	  responded	  to	  sub	  question	  1	  using	  a	  cultural	  probe	  methodology	  in	  a	  design	  study,	  
referred	  to	  as	  the	  tool	  throughout	  the	  text.	  The	  study	  documents	  the	  deployment	  of	  150	  research	  
kits	  nationally,	  investigating	  beekeepers’	  existing	  ‘making’	  activities	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  
2013b).	  The	  author	  responded	  to	  sub	  question	  2	  with	  an	  ethnographic	  shadowing	  and	  narration	  
study	  identifying	  beekeepers’	  (within	  the	  South	  East	  of	  England)	  product	  creations	  and	  re-­‐
appropriations	  specifically	  for	  beekeeping	  praxis,	  referred	  to	  as	  the	  Ethnography	  Study	  in	  the	  text.	  
Chapter	  5,	  Understanding	  the	  motivations	  of	  the	  study	  group	  and	  of	  CS	  stakeholders	  (BBKA),	  and	  
testing	  their	  alignment	  
Chapter	  5	  responds	  to	  one	  sub	  question	  from	  the	  research	  question:	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3) If	  beekeepers	  could	  monitor	  environmental	  data	  related	  to	  the	  practice	  of	  keeping	  bees,	  
would	  they	  be	  interested	  and	  what	  would	  they	  want	  to	  know?	  
	  
The	  author	  responded	  to	  sub	  question	  3	  with	  two	  design	  studies.	  The	  first	  study	  participatory	  design	  
workshops	  were	  created	  and	  implemented	  shaping	  end	  users’	  ‘technological	  enabled	  conversations	  
with	  bees’	  (Phillips.	  R,	  et	  al.	  2013).	  The	  first	  study	  is	  referred	  to	  as	  the	  Beekeepers’	  Poster	  Workshop.	  
The	  workshop	  used	  graphic	  resources,	  reducing	  the	  cost	  and	  validating	  the	  users’	  and	  stakeholders’	  
design	  directions,	  unbound	  by	  technological	  capabilities	  or	  knowledge.	  The	  second	  study	  repeated	  
the	  same	  material	  of	  the	  Beekeepers’	  Poster	  Workshop	  with	  a	  nationally	  based	  audience	  by	  using	  a	  
cultural	  probe	  methodology,	  referred	  to	  as	  Probe	  2.	  
Chapter	  6,	  Understanding	  the	  motivations	  of	  CS	  stakeholders	  to	  inform	  the	  design	  of	  the	  Bee	  Lab	  Kit	  
Chapter	  6	  responds	  to	  one	  sub	  question	  from	  the	  research	  question:	  
4) What	  information	  and	  participant	  insights	  are	  required	  to	  successfully	  frame	  an	  Open	  
Design/Citizen	  Science	  project?	  
	  
The	  author	  responded	  to	  sub	  question	  4	  by	  creating	  an	  Open	  Design/Citizen	  Science	  toolkit	  and	  
testing	  it	  through	  design	  workshops	  with	  a	  conservation	  charity,	  The	  Sussex	  Wildlife	  Trust,	  and	  
active	  Citizen	  Science	  authority,	  Cornell	  Laboratory	  of	  Ornithology	  (Phillips,	  R	  &	  Baurley,	  S	  2014).	  The	  
workshops	  tested	  the	  pitfalls,	  issues	  and	  opportunities	  with	  the	  relationship	  of	  Open	  Design/Citizen	  
Science,	  with	  organisations	  outside	  of	  beekeeping	  benefiting	  from	  their	  collaboration,	  referred	  to	  as	  
the	  OD/CS	  Toolkit.	  
Chapter	  7,	  Understanding	  the	  motivations	  of	  CS	  stakeholders;	  the	  motivations	  of	  beekeepers	  and	  CS	  
stakeholders	  informed	  the	  design	  of	  the	  Bee	  Lab	  Kit	  	  
Chapter	  7	  responds	  to	  one	  sub	  question	  from	  the	  research	  question:	  
5) What	  are	  the	  key	  factors	  to	  consider	  in	  achieving	  a	  successful	  outcome	  to	  the	  Bee	  Lab	  Kit,	  
specifically	  in	  developing	  an	  Open	  Design	  Citizen	  Science	  tool	  for	  bee	  hive	  monitoring?	  
	  
The	  author	  responded	  to	  sub	  question	  5	  through	  two	  design	  studies.	  The	  first	  design	  study	  
implemented	  a	  technological	  kit	  assembly	  workshop,	  testing	  the	  Bee	  Lab	  Kit	  design	  and	  competence	  
of	  target	  users,	  based	  on	  the	  measurands	  discovered	  in	  chapter	  6	  and	  referred	  to	  as	  the	  Hackathon	  
(Phillips,	  R.	  et	  al.	  2014).	  The	  second	  study	  deployed	  technological	  kits	  in	  the	  wild	  with	  end	  users	  and	  
recruited	  a	  wider	  audience	  for	  further	  participation,	  referred	  to	  as	  the	  deployment	  (Phillips,	  R.	  et	  al.	  
2014).	  
Author’s	  role	  within	  the	  research	  
In	  the	  foreseeable	  future,	  users	  without	  prior	  design	  skills	  will	  have	  access	  to	  create	  complex	  
artefacts	  through	  the	  proliferation	  of	  digital	  fabrication,	  software	  tools	  and	  accessible	  technologies.	  
The	  question,	  in	  the	  authors	  mind,	  is:	  when	  will	  users	  actively	  pursue	  this	  type	  of	  activity?	  The	  
following	  PhD	  provided	  a	  test	  bed	  for	  one	  accessible	  ‘open	  design’	  scenario:	  Citizen	  Science	  (CS).	  CS	  
gives	  stakeholders	  and	  users	  the	  capabilities	  to	  monitor	  their	  surroundings.	  These	  monitoring	  
instances	  might	  remain	  unexplored	  by	  funded	  bodies	  or	  conventional	  means,	  as	  they	  can	  be	  
pertinent	  to	  small	  communities	  or	  individuals.	  The	  author	  wanted	  to	  test	  the	  thinking	  within	  real	  
communities	  and	  unbox	  how	  they	  would	  ‘design/create’	  artefacts,	  grounded	  within	  a	  contextual	  
future	  scenario.	  The	  writer	  wanted	  users	  to	  create	  their	  own	  contextual	  goods	  through	  a	  research	  
process	  building	  on	  his	  industrial	  design	  background.	  	  
	  
The	  author	  is	  a	  product	  designer	  with	  a	  wide	  range	  of	  projects	  across	  mass	  manufacture	  to	  bespoke	  
artifacts.	  He	  has	  initiated	  patents,	  developed	  techniques	  for	  ambulance	  design,	  worked	  on	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bulletproof	  cars	  and	  created	  the	  first	  ballistics	  wallpaper	  now	  used	  in	  embassies.	  The	  writer	  has	  
worked	  for	  DMR	  bikes	  for	  15	  years	  on	  mountain	  bike	  products	  manufactured	  at	  high	  volume	  in	  the	  
United	  Kingdom	  and	  Taiwan.	  He	  has	  helped	  establish	  the	  design	  manufacturing	  and	  applications	  for	  
material	  development	  company	  d3o,	  with	  clients	  ranging	  from	  Quicksilver	  and	  Puma	  to	  Victorinox	  
and	  Team	  GB	  athletes.	  
	  
The	  PhD	  project	  included	  stakeholders	  to	  create	  an	  interdisciplinary	  expert	  team.	  The	  four	  partners	  
were:	  1)	  The	  Honey	  Club	  (HC),	  a	  social	  innovation	  formed	  by	  Wolf	  Ollins	  brand	  consultancy.	  The	  HC	  
uses	  beekeeping	  to	  engage	  with	  young	  inner	  city	  communities	  willing	  to	  learn	  about	  their	  
environment.	  HC’s	  primary	  interest	  in	  the	  project	  was	  to	  embrace	  technology	  applications	  that	  
would	  promote	  their	  values,	  extending	  their	  operating	  territory.	  2)	  Technology	  Will	  Save	  Us	  (TWSU),	  
an	  open	  hardware	  and	  technological	  haberdashery.	  TWSU	  help	  users	  foster	  technological	  
relationships	  for	  repair,	  education	  and	  use.	  TWSU	  were	  interested	  in	  the	  implementation	  and	  testing	  
of	  technology	  with	  a	  rigorous	  audience,	  through	  Citizen	  Science.	  3)	  Horizon	  digital	  economy	  
research,	  which	  focuses	  on	  the	  digital	  economy	  impacts	  of	  people	  generating	  valuable	  data.	  4)	  The	  
British	  Beekeepers	  Association	  (BBKA),	  are	  a	  charity	  advocating	  beekeeping	  within	  the	  United	  
Kingdom.	  The	  BBKA	  were	  attracted	  to	  the	  promotion	  of	  beekeeping	  with	  technologies	  that	  could	  
engage	  younger	  audiences	  and	  directly	  connect	  their	  existing	  audience.	  The	  stakeholders	  provided	  
the	  expertise	  to:	  unpick	  perceived	  problems,	  gain	  user	  insights,	  engage	  networks	  and	  define	  
interventions	  that	  were	  grounded	  and	  valued	  to	  their	  communities.	  	  
	  
The	  author	  was	  responsible	  for:	  scoping	  and	  creating	  the	  project,	  aligning	  the	  partners,	  
understanding	  stakeholders	  interrelationships,	  creating	  all	  design	  research	  material,	  organising	  and	  
implementing	  all	  research	  activities,	  creating	  pertinent	  methodologies,	  sourcing	  the	  project	  funding	  
and	  framework,	  making	  the	  process	  repeatable	  and	  providing	  relevant	  international	  dissemination.	  
The	  writer	  wanted	  to	  understand	  lay	  users	  requirements	  to	  produce	  artefacts	  that	  identify	  positive	  
and	  negative	  elements,	  for	  wider	  applications.	  	  
	  
The	  work	  is	  not	  a	  technical	  adventure	  into:	  electronic	  engineering,	  software	  production	  or	  top-­‐down	  
models	  of	  manufacture,	  top-­‐down	  science,	  smart	  phone	  app	  development,	  coding	  or	  evangelising	  
open	  design.	  It	  views	  the	  utopia	  and	  dystopia	  of	  lay	  users	  utilising	  accessible	  technologies	  and	  open	  
designs	  to	  create	  tools	  for	  citizen	  science	  and	  community	  monitoring.	  The	  work	  centralises	  on	  
engaging	  with	  people,	  context	  and	  place,	  advancing	  how	  communities	  engage	  with	  their	  
surroundings	  through	  technology	  facilitation.	  The	  PhD	  unpacks,	  by	  what	  means	  citizen	  science	  /	  
open	  design	  activities	  should	  be	  repeated.	  Figure	  1	  shows	  the	  PhD’s	  wider	  territory.	  The	  work’s	  
audience	  is	  parties	  interested	  in	  repeating	  the	  undertaken	  activities,	  achieving	  successful	  open	  
design	  /	  citizen	  science	  outcomes	  through	  design	  practice	  and	  implementation.	  Figure	  2	  maps	  the	  
literature	  review,	  demonstrating	  where	  they	  are	  located	  within	  the	  Bee	  Lab	  project.	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Figure	  1,	  Located	  territory	  of	  PhD	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Figure	  2,	  Literature,	  located	  on	  PhD	  territory	  	  
	  
The	  author	  is	  a	  practising	  product	  designer,	  working	  commercially	  and	  independently	  drawing	  on	  his	  
research	  experience,	  acting	  as	  an	  interface	  with	  government	  and	  commercial	  funders.	  He	  has	  a	  
mixed	  portfolio	  of	  experience	  with	  in	  different	  sectors	  including:	  user	  centred	  design,	  material	  
development,	  design	  for	  mass	  manufacture,	  ethnography	  practice,	  technology	  creation,	  patent	  
creation	  and	  technology	  scoping.	  The	  author’s	  main	  interests	  are	  in	  user	  interactions,	  responding	  to	  
participant	  observations	  and	  aligning	  new	  technologies	  with	  design	  interventions.	  Throughout	  the	  
PhD,	  the	  author	  undertook	  a	  user	  centred	  design	  practice	  approach,	  aligning	  with	  ‘research	  in	  the	  
wild’	  principles	  and	  working	  directly	  with	  the	  target	  audience,	  amateur	  beekeepers.	  The	  author	  used	  
a	  user	  centred	  design	  approach	  to	  align	  project	  stakeholder	  requirements	  with	  end	  user	  desires,	  
building	  rationales	  for	  their	  participation.	  The	  author	  is	  fascinated	  by	  solving	  real	  world	  problems	  
defined	  by	  user	  insights,	  or	  technological	  opportunities.	  The	  author	  is	  also	  attracted	  to	  the	  wider	  
societal	  impact	  of	  using	  ‘Open	  Design’	  and	  ‘democratised	  manufacture’,	  aiding	  users	  to	  respond	  to	  
individual	  or	  community	  problems.	  
	  
The	  author	  views	  ‘design’	  as	  a	  skill	  based	  activity	  enabled	  by	  an	  embedded	  knowledge	  of	  
stakeholders,	  materials,	  context,	  manufacture	  and	  constraints	  that	  surround	  artefacts,	  spaces	  and	  
people.	  Designing	  things	  and	  making	  things	  are	  intertwined.	  For	  the	  purpose	  of	  this	  work,	  the	  author	  
views	  making	  as	  assembling	  and	  not	  designing,	  relying	  on	  embedded	  knowledge	  given	  by	  a	  system	  
to	  help	  users	  to	  ‘design’.	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2 Chapter	  2	  Literature	  Review	  
2.1 Literature	  Review	  Introduction	  
The	  practice	  of	  Open	  Design	  is	  an	  emerging	  field	  fuelled	  by	  the	  accessible	  opportunity	  to	  design	  
information	  via	  the	  Internet	  and	  accessible	  manufacturing	  technologies	  that	  translate	  design	  
information	  into	  physical	  artefacts.	  Open	  Design	  can	  empower	  lay	  users	  to	  construct	  artefacts	  to	  
meet	  their	  own	  bespoke	  needs	  which	  are	  unmet	  by	  conventional	  design	  models.	  The	  potential	  for	  
Open	  Design	  is	  for	  wider	  communities	  unconsidered	  by	  design	  initiators	  to	  see	  value	  in	  alternate	  
uses.	  The	  literature	  review	  specifically	  analyses	  design	  outputs	  that	  are	  intended	  for	  lay	  user	  or	  non-­‐
professional	  construction	  as	  the	  Bee	  Lab	  Kit’s	  territory	  is	  a	  grass	  roots	  initiative	  governed	  by	  the	  end	  
users	  engaging	  with	  it.	  
The	  literature	  review	  acknowledges	  that	  there	  are	  issues	  of	  technical	  competence	  and	  limitations	  
with	  lay	  users	  creating	  functioning	  technologies	  and	  the	  negative	  aspects	  of	  implementing	  them	  
without	  the	  skills	  of	  trouble	  shooting.	  The	  literature	  review	  identifies	  projects	  that	  have	  already	  
combined	  Open	  Design	  and	  Citizen	  Science	  for	  global	  distribution	  through	  downloadable	  content.	  
These	  concepts	  are	  of	  interest	  as	  the	  proliferation	  of	  Fab	  Labs	  and	  accessible	  technologies	  
continues;	  more	  opportunities	  will	  become	  available	  for	  lay	  users,	  amateur	  communities,	  Non-­‐
Government	  Organisations	  and	  charities	  to	  create	  products	  to	  catalogue	  their	  surroundings,	  
responding	  to	  topical	  challenges.	  
Smartphone	  Citizen	  Science	  activities	  have	  been	  excluded	  from	  this	  literature	  review	  as	  the	  project	  
is	  concerned	  with	  devices	  that	  participants	  would	  deploy	  on	  location	  for	  longer	  isolated	  monitoring.	  
Smartphones,	  whilst	  advancing	  Citizen	  Science	  practice	  exponentially,	  are	  still	  expensive	  personal	  
items	  sensitive	  to	  inclement	  outdoor	  weather.	  The	  author	  deemed	  that	  users	  would	  not	  leave	  their	  
smartphones	  in	  isolated	  external	  locations	  for	  long	  periods	  of	  time.	  DIY	  Bio	  and	  Online	  Citizen	  
Science	  resources	  have	  also	  not	  been	  included	  in	  this	  literature	  review	  as	  the	  thesis	  concerns	  lay	  
users	  producing	  their	  own	  physical	  equipment.	  Within	  the	  practice	  of	  Citizen	  Science,	  the	  review	  
only	  includes	  ‘community	  monitoring’	  as	  monitoring	  activities	  for	  the	  Bee	  Lab	  Kit	  are	  conducted	  by	  a	  
community.	  
The	  3D	  printing	  movement	  has	  been	  excluded	  from	  this	  literature	  review	  as	  3D	  printing	  electronic	  
components	  (at	  time	  of	  writing)	  is	  too	  juvenile	  and	  not,	  currently,	  accessible	  for	  lay	  user	  
engagement	  on	  the	  high	  street.	  Mass	  customisation	  is	  also	  not	  included	  in	  Open	  Design	  as	  “in	  almost	  
all	  cases,	  mass	  customisation	  offers	  no	  opportunity	  to	  change	  a	  product’s	  form	  other	  than	  by	  
choosing	  a	  different	  model”	  (Sinclair,	  Campbell,	  2012).	  Open	  Design	  is	  also	  referred	  to	  as	  open	  
innovation,	  open	  source	  and	  distributed	  manufacture.	  The	  following	  review	  only	  includes	  Open	  
Design,	  not	  open	  innovation,	  as	  open	  innovation	  externalises	  the	  innovation	  process	  and	  does	  not	  
always	  conclude	  in	  an	  artefact	  or	  ‘design’.	  
2.2 Overview	  of	  Open	  Design	  	  
Users	  are,	  historically,	  individual	  consumers.	  By	  contrast,	  producers	  benefit	  from	  selling	  a	  product	  or	  
service	  (von	  Hippel,	  Paradiso	  2008,	  8).	  Designers	  usually	  have	  the	  responsibility	  of	  supervising	  and	  
creating	  design	  outputs	  (Potter	  1980,	  6).	  The	  design	  and	  fabrication	  of	  objects	  have	  traditionally	  
remained	  within	  the	  realm	  of	  producers	  or	  professionals,	  with	  users	  creating	  personal	  product	  
adaptations,	  known	  as	  do	  it	  yourself	  (DIY).	  Throughout	  history,	  skilled	  activities	  have	  been	  
“disrupted	  by	  unskilled	  or	  users	  access	  to	  professional	  tools”,	  evolving	  the	  complexity	  of	  tasks	  
unskilled	  users	  can	  achieve	  through	  ‘DIY’	  design	  outputs	  (Atkinson	  2006,	  4).	  Von	  Hippel	  (2005)	  
describes	  unskilled	  or	  lay	  people’s	  access	  to	  professional	  tools	  as	  “democratizing	  innovation”	  
evolving	  users	  from	  design	  test	  subjects,	  analysing	  product	  validity,	  to	  active	  creators	  of	  solutions	  
(Von	  Hippel	  2005).	  A	  user	  designing	  is	  not	  a	  new	  phenomenon	  as	  prehistoric	  man’s	  development	  of	  
flint	  tools	  is	  a	  demonstration	  of	  technology	  (Evans	  2008).	  The	  opportunity	  for	  these	  user-­‐designers	  is	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the	  access	  to	  design	  information	  and	  the	  democratization	  of	  accessible	  manufacturing	  technology,	  
removing	  “sticky”	  design	  knowledge	  usually	  known	  by	  professionals	  (von	  Hippel,	  Paradiso	  2008,	  25).	  
	  
“Weblogs	  and	  Wikis	  have	  been	  readily	  adopted	  in	  civil	  society	  and	  are	  transforming	  the	  way	  many	  of	  
us	  access	  information,”	  making	  design	  information	  available	  for	  either	  use	  or	  re-­‐appropriation	  
(Hasan,	  Pfaff	  2006,	  3).	  The	  access	  to	  information	  and	  the	  capabilities	  to	  turn	  a	  digital	  file	  into	  a	  
product	  give	  users	  the	  ability	  to	  design	  products	  they	  consume,	  or	  become	  “pro-­‐sumers”	  (Franke,	  
Piller	  2004,	  403).	  This	  evolution	  of	  user-­‐designers/pro-­‐sumers	  by	  using	  design	  processes	  and	  internet	  
platforms	  to	  open	  design	  processes	  creates	  the	  “challenge	  for	  designers,	  to	  understand	  the	  
implications	  for	  this	  democratisation”	  (Cruickshank,	  Evans	  2009,	  13).	  Anderson	  (2010)	  defines	  that	  
“anybody	  with	  idea[s]	  and	  a	  little	  expertise	  can	  set	  assembly	  lines	  in	  China	  into	  motion	  with	  nothing	  
more	  than	  some	  keystrokes	  on	  their	  laptop”,	  opening	  access	  to	  product	  creation	  and	  its	  subsequent	  
processes	  (Anderson	  2010).	  The	  Open	  Design	  chapter	  will	  contextualise	  Open	  Design,	  giving	  positive	  
and	  negative	  examples	  of	  users	  controlling	  product	  fabrication	  and	  the	  subsequent	  digital	  
fabrication	  processes	  required	  to	  produce	  physical	  products.	  	  
2.3 Open	  Design	  	  
Open	  Design	  is	  a	  process	  and	  approach	  that	  allows	  laypeople	  or	  users	  an	  entry	  to	  the	  design	  process,	  
either	  at	  discrete	  points	  of	  production	  or	  constantly.	  These	  discrete	  points	  can	  enable	  the	  layperson	  
to	  create	  their	  own	  products	  using	  professional	  industry	  technologies.	  Open	  Design	  embodies	  a	  
paradigm	  shift	  in	  thinking	  of	  design	  from	  “how	  does	  it	  look?	  	  to	  how	  does	  it	  work	  between	  us”	  (van	  
der	  Beek	  2012,	  423)?	  The	  process	  of	  “Design	  has	  not	  only	  become	  user-­‐centred,	  the	  user	  has	  
become	  the	  designer”	  (van	  der	  Beek	  2012,	  424).	  Von	  Hippel	  states	  that	  innovation	  is	  being	  
democratized	  for	  users	  to	  become	  pro-­‐sumers,	  influencing	  and	  creating	  new	  product	  solutions	  (Von	  
Hippel	  2005).	  Open	  design,	  in	  turn,	  is	  shifting	  the	  hierarchy	  of	  design	  and	  manufacture	  processes,	  
moving	  the	  design	  originator	  away	  from	  a	  designer	  or	  engineer	  into	  the	  user’s	  hands.	  
Digital	  manufacture	  (DM)	  is	  the	  translation	  of	  digitally	  created	  files	  into	  a	  physical	  output	  “providing	  
regular	  people	  the	  means	  to	  rip,	  mix	  and	  burn	  physical	  objects”	  (Lipson	  2013,	  10).	  DM	  uses	  a	  series	  
of	  technologies	  providing	  “the	  ability	  to	  manufacture	  parts	  of	  virtually	  and	  complexity	  of	  geometry	  
entirely	  without	  tooling”	  (Campbell,	  Hague	  et	  al.	  2003,	  25).	  Open	  Design,	  coupled	  with	  digital	  
manufacture,	  allows	  the	  object	  originator	  to	  create	  bespoke	  objects	  in	  low	  numbers	  as	  opposed	  to	  
conventional	  mass	  manufacture	  volumes,	  so	  the	  “ownership	  and	  responsibility	  changes	  in	  the	  design	  
process”	  (Menichinelli	  Massimo	  2012).	  When	  a	  “designer	  designs	  one-­‐off	  products,	  the	  term	  
‘industrial’	  is	  dropped	  and	  they	  become	  a	  ‘craft	  designer’”	  (Frayling	  2011,	  34).	  	  The	  production	  of	  
individual	  or	  batches	  of	  products	  has	  conventionally	  been	  regarded	  as	  a	  craft-­‐based	  activity.	  Open	  
Design	  does	  not	  define	  that	  any	  user	  can	  make	  anything,	  as	  “it	  is	  important	  to	  explicitly	  acknowledge	  
the	  downsides	  of	  any	  technological	  transformation”,	  but	  Open	  Design	  edits	  when	  and	  where	  in	  the	  
design	  process	  users	  engage	  and	  dictate	  (Sterling	  2005,	  8).	  Traditional	  manufacture	  uses	  “economies	  
of	  scale	  generally	  depend[ing]	  on	  using	  a	  single	  design	  (or	  a	  small	  number	  of	  designs)	  over	  and	  over	  
again”	  (Baldwin,	  von	  Hippel	  et	  al.	  2009).	  Campbell	  (2003)	  states	  that	  Open	  Design	  is	  transforming	  
the	  viability	  of	  people	  becoming	  “bespoke	  designers”,	  creating	  (for	  a	  limited	  few)	  new	  opportunities	  
to	  design	  and	  create	  goods	  (Campbell,	  Hague	  et	  al.	  2003,	  28).	  Open	  Design	  is	  defined	  as	  design	  
information	  that	  can	  be	  manipulated	  by	  users	  at	  stages	  in	  its	  process	  to	  produce	  bespoke	  or	  
adaptable	  solutions.	  	  
2.4 What	  is	  DIY?	  
Throughout	  history,	  during	  austerity	  or	  restricted	  circumstances,	  users	  have	  adapted	  artefacts	  to	  
meet	  contextual	  needs.	  These	  products	  include	  instructional	  approaches,	  for	  example:	  clothing	  
patterns,	  kit	  cars,	  car	  service	  manuals	  and	  decorating	  equipment.	  This	  instructional	  approach	  to	  
design	  has	  traditionally	  been	  formed	  from	  either	  “austerity,	  labour	  shortages	  or	  lack	  of	  money”	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(Atkinson	  2006,	  3).	  Instructions	  and	  plans	  as	  products	  have	  given	  users	  the	  access	  to	  change	  either	  
the	  function	  of	  a	  product	  or	  tailor	  it	  to	  meet	  personal	  requirements;	  this	  movement	  is	  known	  as	  ‘Do	  
It	  Yourself’	  (DIY).	  ‘DIY	  culture’	  is	  a	  community	  creating	  their	  own	  products	  either	  from	  re-­‐
appropriation	  of	  existing	  parts	  or	  manufacturing	  their	  own	  components.	  In	  “Satellites	  in	  the	  Shed?”	  
Cadwalladr	  comments	  that	  DIY	  is	  no	  longer	  the	  repair	  of	  goods	  but	  a	  “phenomenon	  that	  aims	  to	  
take	  manufacturing	  out	  of	  the	  factories	  and	  put	  it	  into	  people’s	  homes”	  (Cadwalladr	  Carole	  2012).	  
2.5 What	  is	  Hacking?	  
Hacking	  traditionally	  refers	  to	  someone	  who	  breaches	  security	  protocols,	  “trespassing	  into	  closed	  
systems	  of	  electronic	  communication”	  (Burnham	  2009,	  12).	  DIY	  design	  has	  also	  been	  defined	  as	  
“hacking”	  where	  access	  to	  technology	  is	  seen	  as	  “putting	  the	  power	  of	  technology	  and	  knowledge…	  
in	  the	  hand	  of	  the	  user”	  (Galloway	  A.	  et	  al.	  2004,	  1425).	  Hackers,	  “as	  a	  group,	  are	  particularly	  
creative	  people	  who	  define	  themselves	  partly	  by	  rejection	  of	  `normal'	  values	  and	  working	  habits”	  
(Raymond	  2002,	  27).	  Design	  Hacking	  is	  defined	  by	  “the	  interference	  in,	  or	  corruption	  of,	  the	  
authorship	  of	  designers	  and	  manufacturers,	  usually	  by	  amateurs”	  (Burnham	  2009,	  13).	  Hacking	  was	  
originally	  the	  confine	  of	  knowledgeable	  individuals	  forming	  clubs,	  gathering	  a	  likeminded	  community	  
for	  the	  pursuit	  of	  creating.	  These	  Hack	  Spaces	  were	  spread	  internationally	  in	  disused	  locations,	  
housing	  members	  that	  either	  paid	  fees	  or	  contributed	  in	  kind.	  There	  are	  currently	  (at	  time	  of	  writing)	  
around	  1,100	  hackerspaces	  registered	  internationally	  (Anonymous	  2013c).	  Some	  hacking	  groups	  
have	  “come	  to	  an	  ethical	  cross	  road	  as	  the	  US	  military	  is	  starting	  to	  fund	  hackerspaces”	  as	  they	  are	  
talented	  thinkers	  and	  doers	  (Altman	  2012).	  	  
	  
Hacking	  becomes	  an	  opportunity	  when	  you	  think	  of	  services	  or	  systems	  where	  “nothing	  fits	  well”	  to	  
the	  user,	  hackers	  are	  thought	  of	  as	  “transmutation	  or	  collage	  artists”	  (Paradiso,	  Heidemann	  et	  al.	  
2008,	  66).	  Hacking	  can	  also	  be	  seen	  as	  “mashing	  up”	  existing	  products	  or	  services	  (Hartmann,	  
Doorley	  et	  al.	  2008,	  8).	  The	  movement	  of	  “hacking	  by	  users	  isn’t	  rare;	  it’s	  a	  major	  phenomenon	  for	  
both	  industrial	  and	  consumer	  products”	  (von	  Hippel,	  Paradiso	  2008,	  42).	  Hacker	  communities	  are	  
influencing	  technology	  curriculum	  in	  UK	  schools,	  offering	  more	  flexibility	  in	  learning	  outcomes	  (Steeg	  
2008,	  2).	  	  
Hacking	  uses	  elements	  to	  create	  products	  for	  situational	  need,	  sometimes	  negatively	  for	  example,	  in	  
the	  creation	  of	  weapons	  “arming	  civilians	  and	  army	  defectors”	  waging	  war	  in	  Libya	  (Taylor	  2011).	  
These	  contexts	  question	  the	  limitations	  and	  legislation	  regarding	  what	  anyone	  can	  hack	  and	  create.	  
The	  occurrence	  of	  ‘hacking	  products’	  is	  becoming	  commonplace,	  for	  example	  Ikea	  hackers	  
(www.ikeahackers.net),	  “a	  blog	  of	  modifications	  to	  repurpose	  your	  IKEA”	  goods	  (Yap	  2013).	  The	  blog	  
is	  a	  forum	  for	  Ikea	  customers	  to	  handle	  products	  as	  components	  to	  make	  modifications.	  The	  
products	  have	  (at	  the	  time	  of	  writing)	  remained	  low-­‐level	  home	  furnishings,	  now	  forming	  part	  of	  an	  
on-­‐line	  shop	  selling	  Ikea	  parts.	  Whilst	  the	  hacking	  blog	  is	  not	  condemned	  by	  Ikea,	  it	  is	  not	  promoted	  
either.	  The	  open	  sharing	  Ikea	  hacker	  site	  has	  had	  negative	  results:	  one	  uploaded	  hack	  used	  drawer	  
knobs	  (Figure	  3)	  to	  improve	  firearm	  loading	  whilst	  its	  user	  is	  wearing	  gloves	  (Figure	  4)	  (Yap	  2011).	  
The	  forum	  does	  not	  translate	  lay	  users’	  concepts	  into	  tangible	  outputs	  for	  further	  exploration,	  
outside	  of	  users	  sharing	  photographic	  concepts	  using	  Ikea	  components.	  The	  forum	  also	  does	  not	  
harness	  lay	  users’	  ideal	  or	  desired	  outcomes.	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Figure	  3,	  .22	  Browning	  hack	  using	  Ikea	  draw	  pull	  (Yang	  2013)	  	  
Figure	  4,	  Key	  rack	  using	  identical	  draw	  pull	  (Art3fact	  2013)	  
2.6 DIY	  Design	  Embraced	  in	  Communities	  
The	  repair	  nature	  of	  DIY	  is	  being	  embraced	  in	  ‘repair	  cafes’	  in	  “an	  effort	  to	  bury	  a	  throwaway	  culture	  
one	  repair	  at	  a	  time”	  (Njokiktjen	  Ivy	  2012).	  The	  only	  repair	  café	  of	  its	  kind	  (at	  time	  of	  writing)	  where	  
users	  can	  repair	  goods	  with	  access	  to	  tools	  and	  expertise	  where	  an	  active	  community	  are	  repairing	  
consumer	  products.	  
One	  of	  the	  most	  famous	  DIY	  companies	  is	  the	  ‘Homebrew	  Computer	  Club’,	  now	  known	  as	  the	  
computing	  corporation,	  Apple	  (Wiki	  2013).	  A	  DIY	  design	  approach	  could	  enable	  lead	  users	  to	  adapt	  
products	  to	  meet	  their	  own	  requirements,	  for	  example:	  “a	  tailored	  suit	  that	  could	  be	  adapted	  by	  a	  
non-­‐professional”	  (Campbell,	  Hague	  et	  al.	  2003,	  26).	  The	  classification	  of	  DIY	  activities	  has	  fallen	  into	  
the	  following	  categories:	  Essential	  DIY,	  house	  repairs,	  car	  repairs,	  Lifestyle	  DIY,	  home	  improvement	  
Democracy	  as	  DIY,	  hobbies	  and	  self-­‐identity	  as	  DIY,	  self-­‐expression	  (Atkinson	  2006,	  3-­‐7).	  These	  
classifications	  define	  territories	  in	  which	  users	  are	  currently	  adapting	  DIY	  products.	  	  
	  
-­‐ Essential	  DIY	  interprets	  as	  repairing	  or	  the	  need	  to	  extend	  the	  life	  of	  a	  product.	  	  
-­‐ Lifestyle	  DIY:	  improving	  your	  current	  situation	  or	  environment	  through	  adaption	  or	  re-­‐
appropriation	  of	  existing	  items.	  	  
-­‐ Democracy	  as	  DIY:	  making	  for	  a	  hobby/pastime	  and	  making	  to	  differentiate	  from	  the	  crowd,	  
i.e.	  adapting	  an	  off	  the	  shelf	  product	  (Atkinson	  2010,	  3-­‐7).	  
	  
Open	  design	  extends	  DIY	  practices,	  giving	  users	  access	  to	  design	  information	  at	  points	  in	  the	  design	  
process.	  New	  technologies	  and	  the	  freedom	  of	  design	  information	  are	  extending	  the	  possibilities	  for	  
users,	  without	  expertise,	  to	  be	  involved	  in	  the	  creation	  and	  manipulation	  of	  the	  products	  they	  use.	  
DIY	  “communities	  thus	  invite	  individuals	  across	  all	  backgrounds	  and	  skill	  levels	  to	  contribute,	  
resulting	  in:	  1)	  rapid	  interdisciplinary	  skill	  building	  as	  people	  contribute	  and	  pollinate	  ideas	  across	  
communities	  and	  2)	  increased	  participation	  supported	  by	  informal	  (“anything	  goes”)	  contributions	  
such	  as	  comments,	  questions	  and	  answers”	  (Kuznetsov,	  Paulos	  2010).	  This	  technique	  of	  pro-­‐sumer	  
driven	  outcomes	  builds	  on	  the	  skill	  and	  knowledge	  of	  the	  ‘Producer	  model’	  i.e.	  mass	  production.	  DIY	  
designers	  are	  also	  referred	  to	  as	  kit	  makers,	  where	  makers	  design	  from	  a	  set	  of	  components,	  
creating	  an	  assembled	  product.	  Kit	  makers	  are	  estimated	  to	  be	  in	  the	  region	  of	  “175,000”	  people	  
making	  in	  the	  world	  (McCue	  TJ	  2012).	  Web	  platforms	  are	  enhancing	  the	  DIY	  movement	  as	  “users	  are	  
able	  to	  access	  materials,	  manufacturers	  and	  collaborate	  with	  international	  experts”	  (Silver	  A.	  2012).	  
The	  positives	  of	  ‘hacking’	  are	  evident	  in	  The	  Boy	  Who	  Harnessed	  the	  Wind	  (Figure	  5),	  a	  story	  of	  a	  
young	  man	  that	  harnessed	  the	  energy	  of	  the	  wind	  to	  power	  first	  his	  house,	  then	  parts	  of	  his	  home	  
town	  (Figure	  6).	  The	  freedom	  of	  the	  product	  creation	  came	  from	  the	  need	  of	  a	  vital	  commodity,	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considering	  “can	  we	  find	  the	  need	  for	  democratised	  product	  creation?”	  (Kamkwamba,	  Mealer	  2010).	  
The	  literature	  previously	  documented	  has	  comprised	  ‘lead	  user’	  Open	  Design	  (Von	  Hippel	  2005).	  
These	  examples	  have	  relied	  on	  lead	  users	  having	  the	  propensity	  and	  skills	  to	  create	  or	  hack	  products	  
meeting	  their	  specific	  needs	  and	  requirements.	  The	  design	  information	  is	  not	  shared	  and	  the	  tools	  
that	  Kamkwamba	  creates	  do	  not	  help	  lay	  users	  translate	  their	  ideas	  into	  tangible	  outputs	  for	  others	  
to	  build	  upon,	  ensuring	  accuracy	  of	  the	  lay	  user’s	  intent.	  
	  
Figure	  5,	  William	  Kamkwamba	  fixing	  his	  windmill,	  (Pace	  Butler	  2009)	  	  	  
Figure	  6,	  Windmill	  outside	  the	  home,	  (Derek's	  Travels	  2010)	  
2.7 The	  Principles	  of	  Open	  Design	  
Open	  Design	  builds	  on	  the	  traditional	  values	  of	  design	  and	  manufacture	  but,	  “rather	  than	  one	  
‘producer’	  being	  responsible	  for	  the	  fabrication	  of	  the	  object,	  this	  is	  decentralised	  and	  moved	  to	  the	  
control	  of	  the	  end	  user”	  (Von	  Hippel	  2005).	  The	  decentralisation	  of	  the	  design	  process	  means	  users,	  
and	  not	  just	  professionals,	  can	  actively	  engage	  in	  design	  stages.	  This	  model	  of	  design	  opens	  product	  
blueprints	  to	  be	  produced	  by	  multiple	  producers,	  “build[ing]	  on	  the	  knowledge	  of	  others	  that	  are	  
willing	  to	  share	  their	  skills	  to	  create	  objects	  that	  can	  be	  re-­‐appropriated	  for	  specific	  needs	  or	  to	  an	  
individual’s	  requirements”	  (van	  Abel	  2011b).	  Open	  Design	  is	  the	  accessibility	  of	  design	  information	  
and	  accessibility	  to	  technologies	  that	  can	  reproduce	  artefacts.	  The	  artefact	  could	  then	  be	  edited	  or	  
adapted	  if	  the	  user	  has	  the	  required	  skillset,	  access	  to	  appropriate	  materials	  and	  the	  equipment	  
required	  for	  fabrication.	  Open	  Design	  is	  not	  just	  “turning	  the	  user	  into	  the	  designer	  and	  giving	  them	  
the	  control	  of	  the	  pen”,	  but	  should	  decide	  when	  to	  give	  the	  user	  the	  metaphorical	  pen	  (Emily	  
Campbell	  2009,	  3).	  Open	  Design	  uses	  digital	  fabrication	  to	  produce	  products	  or	  concepts	  and	  
enables	  “the	  ability	  to	  fabricate	  their	  concepts	  either	  for	  personal	  use,	  to	  distribute	  globally	  but	  in	  
the	  main	  manufacture	  locally”	  (Vilbrandt,	  Malone	  et	  al.	  2008,	  23).	  
The	  main	  perception	  of	  Open	  Design	  is	  choosing	  when,	  where	  and	  if	  you	  want	  to	  share	  “intellectual	  
property	  in	  the	  form	  of	  object	  design,	  code,	  and	  process	  innovations,	  accelerating	  the	  learning	  of	  all”	  
(Townsend	  A,	  et	  al.	  2011,	  6).	  The	  implications	  of	  Open	  Design	  could	  be	  a	  change	  in	  direction	  for	  a	  
“new	  manufacturing	  renaissance”	  (Chung	  2011).	  The	  traditional	  role	  of	  manufacture	  using	  Open	  
Design	  can	  create	  ‘one-­‐off	  production	  prototypes	  with	  less	  financial	  impact	  on	  the	  manufacturer.	  
The	  method	  of	  Open	  Design	  also	  needs	  to	  consider	  its	  locality	  in	  the	  design	  process:	  “It’s	  like	  we’ve	  
got	  this	  really	  good	  technology	  that’s	  really	  creative,	  we’ll	  chuck	  it	  in	  and	  hope	  that	  some	  user	  likes	  
it,	  rather	  than	  going	  what	  does	  the	  user	  want	  to	  do	  than	  how	  can	  this	  technology	  meet	  their	  
needs?”	  David	  McNulty,	  Dare	  Digital	  (Cruickshank,	  Evans	  2009).	  	  
The	  definition	  of	  Open	  Design	  has	  been	  clarified	  by	  Tooze	  et	  al	  in	  the	  publication	  Open	  Design:	  
Contribution,	  Solutions,	  Processes	  and	  Projects?	  Inputs	  are	  entities	  that	  are	  placed	  into	  a	  ‘process’	  
and	  outputs	  are	  entities	  coming	  out	  of	  those	  processes.	  The	  process	  does	  not	  discus	  paywalls	  or	  
financial	  exchanges	  as	  Tooze	  et	  al	  comment	  that	  Open	  Design	  is	  about	  accessibility,	  not	  financal	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structures	  (Tooze,	  J,	  et	  al.	  2014).	  If	  the	  Open	  Design	  process	  is	  compared	  to	  creating	  a	  milkshake,	  
then	  the	  manufacturing,	  design	  information	  and	  materials	  required	  are	  illustrated	  in	  the	  following	  
process:	  
Open	  input	  /	  open	  output	  	  
Users	  have	  complete	  freedom	  of	  choice	  from	  personal	  or	  pre-­‐set	  (input)	  ingredients	  (materials)	  to	  
make	  a	  milkshake.	  The	  method	  of	  production	  (manufacturing)	  and	  recipe	  (design	  information)	  are	  
accessible	  (open)	  to	  all	  for	  use	  in	  other	  recipes	  or	  to	  create	  alternate	  products,	  i.e.	  milkshake	  
translated	  into	  ice	  cream	  flavour	  or	  a	  dessert.	  
Open	  input	  /	  closed	  output	  
Users	  have	  complete	  freedom	  of	  choice	  from	  personal	  or	  pre-­‐set	  (input)	  ingredients	  (materials)	  to	  
make	  a	  milkshake.	  The	  milkshake’s	  method	  of	  production	  (manufacturing)	  and	  the	  recipe	  (design	  
information)	  cannot	  be	  applied	  to	  other	  products,	  because	  it	  is	  a	  closed	  output.	  
Closed	  input	  /	  open	  output	  
The	  milkshake	  will	  have	  pre-­‐set	  ingredients	  (materials)	  with	  the	  method	  of	  production	  
(manufacturing)	  accessible	  for	  use	  in	  other	  recipes	  (design	  information)	  i.e.	  an	  ice	  cream.	  
Closed	  input	  /	  closed	  output	  
The	  milkshake	  is	  selected	  from	  a	  specific	  list	  of	  ingredients	  (materials)	  and	  the	  recipe	  (design	  
information)	  cannot	  be	  applied	  to	  other	  products,	  because	  both	  input	  and	  output	  are	  closed	  	  
(Tooze,	  J,	  et	  al.	  2014).	  
2.8 Open	  Designers	  
In	  1971,	  Italian	  industrial	  designer	  Enzo	  Mari	  began	  a	  project	  that	  rebelled	  against	  what	  he	  saw	  as	  
the	  shallow	  and	  status-­‐driven	  product	  design	  being	  created	  by	  his	  contemporaries	  for	  mass	  
manufacture.	  Mari	  wanted	  to	  produce	  furniture,	  described	  by	  him	  as	  “cheap,	  high	  quality,	  long	  
lasting"	  (Mari,	  E.	  2002).	  He	  believed	  that	  “if	  someone	  tried	  to	  build	  something,	  they	  would	  learn	  
something”	  (Artek,	  2010).	  ‘Autoprogettazione’	  (Mari,	  E.	  2002),	  which	  roughly	  translates	  as	  ‘self-­‐
design’,	  was	  a	  visionary	  concept	  proposed	  by	  the	  Milanese	  designer	  and	  exhibited	  in	  1974.	  Mari	  was	  
initially	  disappointed	  with	  the	  response	  and	  saddened	  that	  the	  majority	  of	  people	  had	  missed	  the	  
point.	  He	  strongly	  believed	  in	  the	  pedagogical	  element	  of	  design	  and	  that	  his	  set	  of	  instructions	  for	  
19	  pieces	  of	  self-­‐made	  furniture	  (Figure	  7)	  served	  as	  a	  tool	  for	  learning	  as	  much	  as	  they	  were	  
instructions	  for	  self-­‐fabrication	  (Figure	  8).	  Mari	  offered	  the	  plans	  for	  his	  self-­‐make	  furniture	  to	  
anyone	  who	  sent	  him	  a	  self-­‐addressed	  envelope.	  Mari’s	  project	  comprised	  a	  closed	  input	  process	  
where	  he	  was	  the	  sole	  designer,	  but	  the	  output	  was	  freely	  distributed	  and	  open	  to	  interpretation.	  
This	  example	  demonstrates	  that	  Mari	  used	  his	  product	  as	  a	  distribution	  method	  for	  his	  product,	  
inviting	  people	  to	  create	  items	  from	  a	  material	  opportunity	  and	  not	  from	  their	  desire	  to	  create,	  
inform	  or	  develop	  their	  own	  designs.	  ‘Autoprogettazione’	  enabled	  lay	  users	  to	  create	  predetermined	  
furniture	  from	  plans	  and	  not	  create	  their	  own	  embodiment	  or	  ‘ideal	  design’.	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Figure	  7,	  Autoprogettazione	  chair,	  (greg.org	  2010)	  
Figure	  8,	  Autoprogettazione	  chair,	  (greg.org	  2010)	  
Mari’s	  work	  can	  be	  seen	  as	  an	  example	  of	  democratising	  design,	  in	  that	  he	  considered	  accessibility,	  
tools	  and	  materials	  that	  are	  available	  to	  the	  average	  person	  and	  that	  the	  products	  were	  within	  their	  
capabilities	  to	  construct.	  However,	  what	  he	  really	  tried	  to	  achieve	  was	  the	  socialising	  of	  design.	  Mari	  
believed	  that	  beautiful	  everyday	  objects	  should	  not	  be	  the	  preserve	  of	  the	  well-­‐to-­‐do;	  his	  was	  a	  
transformative	  project	  aimed	  at	  empowering	  ordinary	  people	  through	  ‘self-­‐design’.	  Some	  of	  these	  
designs	  are	  now	  available	  to	  buy	  in	  kit	  form	  from	  design-­‐led	  furniture	  company	  Artek	  
(www.artek.fi/products/chairs/242).	  This	  might,	  at	  first,	  seem	  ironic,	  but	  access	  to	  free	  information	  
does	  not	  equate	  to	  free	  access	  to	  materials;	  the	  basic	  premise,	  that	  the	  act	  of	  doing	  it	  yourself	  
empowers	  people,	  remains.	  Mari’s	  designs	  are	  utilitarian	  and	  practical	  but	  carry	  the	  risk	  of	  not	  
attaining	  perfection.	  	  
In	  2010,	  a	  group	  of	  London	  based	  designers	  working	  together	  under	  the	  name	  Ten	  
(www.tenproject.wordpress.com)	  exhibited	  a	  collection	  of	  works	  called	  Ten	  Plan	  at	  100%	  design.	  All	  
of	  the	  projects	  were	  designed	  explicitly	  to	  be	  ‘open’,	  useful	  and	  reproducible.	  Their	  work	  can	  be	  
seen	  as	  part	  of	  a	  growing	  trend	  of	  professional	  designers	  who	  see	  the	  potential	  of	  not	  only	  
distributing	  their	  intellectual	  property	  for	  free,	  but	  of	  creating	  works	  specifically	  geared	  for	  
dissemination	  to	  non-­‐professionals	  and	  lay	  users.	  The	  work	  did	  not	  invite	  lay	  users	  to	  design	  
artefacts	  but	  make	  the	  designers	  embodiments	  and	  should	  be	  referred	  to	  as	  ‘open	  assembly’	  rather	  
than	  Open	  Design,	  as	  the	  participants	  assemble	  the	  products	  from	  accessible	  tools	  and	  materials.	  
2.9 Open	  Design	  as	  Access	  	  
Open	  Design	  empowers	  the	  designer	  to	  freely	  pursue	  creative	  expressions,	  realize	  them	  as	  
industrially	  repeatable	  products	  and	  have	  the	  ability	  to	  globally	  distribute	  design.	  The	  design	  of	  
artefacts	  being	  ‘open’	  does	  not	  mean	  that	  everyone	  is	  a	  designer	  as	  “everyone	  can’t	  be	  a	  designer,	  
anymore	  that	  everyone	  can	  be	  a	  mayor	  or	  senator”	  (Sterling	  2005,	  8).	  Sterling	  implies	  people	  could	  
have	  access	  to	  specific	  points	  in	  the	  design	  of	  an	  object	  and	  can	  adapt	  or	  re-­‐appropriate	  the	  
artefacts	  design	  for	  their	  own	  needs	  through	  a	  system	  but	  do	  not	  need	  to	  be	  the	  systems	  originator.	  
Open	  Design	  “should	  not	  be	  seen	  as	  a	  replacement	  but	  as	  an	  alternative”	  to	  conventional	  
manufacture	  as	  it	  presents	  new	  opportunities	  (Jeroen	  Junte	  2010,	  8).	  Both	  “designers	  and	  clients	  are	  
constantly	  reassessing	  their	  position,	  creating	  challenges,	  and	  reassessing	  their	  role”	  (Cruickshank,	  
Evans	  2009,	  16).	  The	  Internet	  has	  radically	  lowered	  the	  barrier	  for	  entry	  for	  collaborative	  
participation.	  Open	  Design	  empowers	  the	  designer	  to	  freely	  pursue	  creative	  expressions,	  realize	  
them	  as	  industrially	  repeatable	  products	  and	  have	  the	  ability	  to	  globally	  distribute	  design,	  not	  
always	  the	  lay	  user.	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The	  “designer	  of	  the	  future	  has	  to	  become	  a	  database	  designer,	  a	  meta-­‐designer,	  not	  designing	  
objects,	  but	  shaping	  a	  design	  space	  in	  which	  unskilled	  users	  can	  access	  user-­‐friendly	  environments	  in	  
which	  they	  can	  design	  their	  own	  objects”	  (van	  Abel	  2011b).	  Open	  Design	  is	  “shifting	  the	  
responsibility	  that	  the	  makers	  of	  these	  openly	  formed	  objects	  need	  to	  take;	  this	  ‘Hyper-­‐craft’	  needs	  
to	  educate	  the	  maker	  of	  the	  whole	  process	  allowing	  perspective	  and	  responsibility”	  (van	  Abel	  
2011b).	  Van	  Abel	  is	  discussing	  that	  Open	  Design	  can	  shift	  the	  responsibility	  of	  conventional	  
manufacturing	  restraints	  onto	  the	  maker	  of	  the	  openly	  designed	  product.	  This	  gives	  new	  
opportunities	  and	  evolves	  stakeholders’	  accomplishments.	  	  	  
“A	  future	  along	  these	  lines	  need	  not	  be	  a	  future	  without	  professional	  designers;	  it	  should	  
rather	  be	  a	  future	  in	  which	  professional	  designers	  cease	  to	  defend	  designing	  as	  their	  exclusive	  
preserve,	  and	  choose	  instead	  to	  enable,	  educate,	  and	  empower	  their	  fellow-­‐humans	  to	  design	  
and	  participate	  in	  the	  designing	  of	  the	  world	  they	  inhabit”	  (Pacey	  1992,	  218).	  	  
Open	  Design	  can	  also:	  
-­‐ Emerge	  its	  own	  opportunities	  
-­‐ Be	  unpredictable	  	  
-­‐ Gather	  interest	  	  
-­‐ Blur	  the	  relationship	  from	  professional	  to	  citizen	  (public)	  
-­‐ Set	  new	  intellectual	  property	  outputs	  
-­‐ Be	  flexible	  and	  scalable	  
-­‐ Create	  alternate	  models	  of	  enterprise	  
-­‐ Produce	  informal	  economies	  
-­‐ Be	  a	  means	  of	  co-­‐learning	  building	  knowledge	  together	  	  
-­‐ Encourage	  initiative	  
(Pacey	  1992,	  218-­‐223)	  
2.10 What	  are	  the	  Models	  of	  Open	  Design?	  
These	  models	  of	  design	  have	  also	  been	  analysed	  within	  the	  following	  groups:	  openly	  readable	  
comments,	  freely	  accessible	  data,	  data	  that	  is	  not	  shared	  and	  where	  the	  users	  have	  control	  (Figure	  
9).	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Figure	  9,	  Open	  Design	  Models	  (Tooze,	  J,	  et	  al.	  2014)	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2.11 Co-­‐Creation	  Digital	  Platforms	  
Involving	  people,	  beyond	  the	  originators	  of	  a	  project,	  in	  informing	  and	  providing	  input,	  means	  that	  
the	  design	  process	  from	  the	  start	  is	  much	  more	  challenging	  than	  simply	  distributing	  the	  design	  
information,	  once	  it	  has	  been	  created.	  For	  this	  type	  of	  design,	  open	  tools	  and	  systems	  are	  needed	  to	  
facilitate	  and	  encourage	  collaboration,	  as	  well	  as	  manage	  the	  data	  gathered.	  It	  can	  be	  seen	  in	  the	  
examples	  below	  that	  the	  Internet	  is	  providing	  the	  necessary	  tools	  to	  enable	  this	  activity.	  In	  2009	  the	  
car	  manufacturer	  Fiat	  launched	  a	  co-­‐design	  platform	  to	  crowd-­‐source	  and	  develop	  concepts	  to	  
imagine	  the	  car	  of	  the	  future.	  Between	  August	  2009	  and	  October	  2010,	  over	  two	  million	  people	  in	  
160	  countries	  visited	  the	  site	  and	  more	  than	  17,000	  ideas	  were	  submitted	  to	  the	  Fiat	  Mio	  website	  
(www.fiatmio.cc/en).	  A	  team	  of	  professional	  designers	  and	  marketeers	  at	  the	  Fiat	  Style	  Centre	  in	  
Brazil	  then	  utilised	  the	  site	  to	  interact	  with	  people	  via	  chat	  rooms	  to	  gain	  an	  understanding	  of	  their	  
insights,	  desires,	  needs	  and	  criticisms.	  Contributors	  to	  the	  project	  were	  able	  to	  provide	  written	  
feedback	  and	  make	  comments	  on	  others	  contributions.	  Anyone,	  as	  long	  as	  they	  were	  motivated	  to	  
do	  so,	  could	  make	  a	  contribution	  void	  of	  the	  need	  to	  know	  or	  use	  any	  design	  tools	  to	  participate.	  It	  
fell	  to	  Fiat’s	  design	  team	  to	  interpret	  the	  information	  and	  use	  their	  expertise	  to	  develop	  concepts	  
building	  prototypes	  later	  shared	  with	  the	  community	  for	  further	  feedback.	  This	  entire	  process	  did	  
not	  invite	  the	  lay	  users	  to	  ‘design’,	  merely	  comment	  on	  the	  functionality	  of	  Fiats	  design	  direction.	  
All	  content	  that	  was	  contributed	  is	  openly	  published	  on	  the	  Fiat	  Mio	  website,	  but	  the	  work	  
generated	  by	  Fiat	  does	  not	  appear	  as	  open	  content	  on	  the	  website,	  so	  it	  can	  judged	  that	  this	  project	  
has	  open	  inputs	  and	  open	  outputs	  within	  certain	  limitations.	  The	  information	  released	  would	  not	  
enable	  a	  person	  or	  company	  to	  make	  a	  facsimile	  of	  the	  Mio;	  there	  are	  no	  schematics	  or	  a	  bill	  of	  
materials	  published	  to	  enable	  fabrication	  by	  others.	  However,	  it	  was	  not	  Fiat’s	  intention	  to	  create	  a	  
wealth	  of	  design	  information	  for	  others	  to	  use,	  as	  there	  are	  no	  designs	  or	  instructions	  as	  part	  of	  the	  
output.	  The	  Fiat	  Mio	  project	  did	  not	  provide	  a	  tool	  or	  help	  users	  translate	  their	  ideas	  into	  tangible	  
concepts	  that	  either	  the	  user	  could	  design	  from,	  or	  which	  would	  give	  a	  technical	  team	  more	  clarity	  
of	  the	  users’	  vision.	  The	  Fiat	  Mio	  enabled	  lay	  users	  to	  submit	  their	  design	  decisions,	  but	  not	  create	  
their	  ideal	  artefact.	  
In	  contrast,	  the	  American	  car	  company	  Local	  Motors’	  (www.localmotors.com)	  Rally	  Fighter	  can	  be	  
seen	  as	  a	  truly	  open	  project,	  as	  Computer	  Aided	  Design	  (CAD)	  models	  and	  all	  parts	  are	  downloadable	  
in	  their	  respective	  editable	  formats.	  A	  comprehensive	  list	  of	  parts,	  bill	  of	  materials	  and	  suppliers	  are	  
available.	  The	  builds	  can	  be	  accessed	  via	  their	  project	  wiki.	  This	  platform	  gives	  experienced	  users,	  
novices	  and	  professionals	  a	  space	  to	  discuss	  and	  question	  the	  process	  and	  the	  detail	  of	  the	  car,	  
manufacturing	  process	  or	  detail.	  The	  forum	  does	  not	  provide	  lay	  users	  with	  design	  translation	  tools	  
to	  create	  contributions;	  it	  provides	  a	  space	  to	  submit	  design	  contributions	  for	  discussion	  and	  re-­‐
appropriation.	  
2.12 Wikis	  for	  Design	  
A	  wiki	  is	  a	  website	  which	  allows	  its	  users	  to	  add,	  modify,	  or	  delete	  its	  content	  via	  a	  web	  browser,	  
usually	  using	  a	  simplified	  mark-­‐up	  language	  or	  a	  rich-­‐text	  editor,	  powered	  by	  wiki	  software	  
(Anonymous	  2013f).	  The	  Global	  Village	  Construction	  Set	  by	  Open	  Source	  Ecology	  
(www.opensourceecology.org)	  (OSE)	  (Jakubowski	  2012)	  and	  the	  Wiki	  Weapon	  by	  Defence	  
Distribution	  (Anonymous	  2013b)	  are	  projects	  that	  hope	  to	  leverage	  the	  potential	  for	  the	  open	  
sharing	  and	  creation	  of	  design	  content	  for	  a	  socio-­‐political	  agenda.	  The	  OSE	  seeks	  to	  create	  
accessible	  design	  information	  (Figure	  10)	  for	  users	  to	  create	  a	  ‘global	  construction	  set’	  (Figure	  11).	  
The	  project	  forms	  a	  “set	  of	  farm	  and	  utility	  tools	  that	  can	  be	  made	  using	  Direct	  Digital	  Manufacture	  
(DDM)	  for	  repetition	  around	  the	  world	  amongst	  communities”	  that	  might	  not	  be	  able	  to	  afford	  
conventionally	  manufactured	  goods	  (Jakubowski	  2012).	  The	  project	  also	  opens	  the	  process	  of	  repair,	  
removing	  design	  obsolescence	  and	  enabling	  adaption	  for	  the	  users’	  environment,	  via	  the	  technical	  
team.	  The	  platform	  allows	  users	  to	  download	  complex	  plans	  adhering	  to	  manufacturing	  tolerances,	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industry	  construction	  and	  safety	  standards.	  The	  OSE	  enables	  lay	  users	  to	  submit	  design	  solutions	  but	  
not	  to	  create	  their	  own	  without	  design	  and	  engineering	  knowledge.	  
The	  OSE	  project	  relies	  on	  the	  capability	  of	  the	  maker/constructor	  and	  is	  aimed	  to	  include	  the	  layman	  
in	  the	  design	  process	  but	  does	  not	  allow	  a	  novice	  without	  any	  knowledge	  to	  create	  ideas	  by	  
themselves.	  The	  OSE	  relies	  on	  a	  community	  presence,	  giving	  users	  concepts	  a	  ‘pitch	  space’	  to	  be	  
created	  by	  a	  technical	  team.	  The	  amount	  of	  technical	  detail	  means	  it	  is	  hard	  for	  a	  lay	  user	  to	  make	  
design	  decisions	  during	  the	  process,	  as	  the	  outputs	  are	  mechanically	  and	  functionally	  demanding,	  
requiring	  advanced	  engineering	  knowledge.	  The	  OSE	  project	  does	  not	  help	  translate	  lay	  users’	  
concepts	  into	  tangible	  outcomes;	  it	  asks	  them	  for	  the	  technical	  requirements,	  not	  their	  desired	  or	  
ideal	  constructions.	  
	  
	  
Figure	  10,	  Open	  Source	  Tractor,	  (Wesolowski	  2012)	  
Figure	  11,	  Open	  Source	  Ecology	  Tractor,	  (Wesolowski	  2012)	  
	  
The	  wiki	  weapon	  project	  (www.defdist.org)	  is	  developing	  ‘fully	  printable	  firearms’,	  publishing	  the	  
design	  files	  to	  create	  specific	  working	  components	  of	  an	  AR-­‐15	  Assault	  rifle.	  The	  Texas-­‐based	  project	  
wants	  to	  “change	  the	  way	  that	  we	  think	  about	  gun	  control	  and	  consumption	  and	  test	  the	  policy	  on	  
how	  governments	  would	  behave	  if	  every	  citizen	  has	  near	  access	  to	  a	  firearm	  through	  the	  Internet?”	  
(Anonymous	  2013b).	  The	  access	  to	  the	  design	  information	  is	  in	  the	  format	  of	  a	  Stereo-­‐lithography	  
Tessellation	  File	  (STL),	  a	  3D	  printable	  file	  that	  can	  be	  appropriated	  but	  not	  openly	  ‘edited’	  without	  a	  
great	  level	  of	  skill.	  The	  access	  to	  the	  ‘firearm’	  comprises	  one	  component	  (the	  lower	  receiver)	  (Figure	  
12),	  the	  only	  component	  that	  requires	  a	  firearms	  licence,	  under	  current	  legislation	  (at	  time	  of	  
writing).	  The	  project	  is	  not	  conversely	  interesting	  (to	  the	  author)	  but	  it	  is	  intriguing	  that	  they	  are	  
trying	  to	  inform	  government	  policy	  through	  design.	  Users	  downloading	  firearms	  has	  caught	  
American	  federal	  gun	  laws	  off-­‐guard	  as	  a	  “monolithic	  legal	  scheme	  erected	  with	  the	  belief	  that	  guns	  
and	  gun	  components	  originate	  in	  industrial	  facilities”	  under	  professional,	  not	  lay	  user	  control	  
(Jensen-­‐Haxel	  2011,	  23).	  The	  project	  does	  not	  allow	  a	  lay	  user	  to	  edit	  a	  file	  or	  design	  a	  firearm,	  
merely	  access	  a	  digital	  file	  that,	  with	  appropriate	  equipment,	  could	  fabricate	  a	  firearm	  (Figure	  13);	  
ammunition	  is	  still	  required.	  The	  project	  does	  not	  consult	  the	  accountability	  of	  ownership	  or	  the	  
negative	  consequences	  of	  open	  firearm	  manufacture	  (Figure	  14).	  The	  project	  does	  not	  invite	  lay	  
users	  to	  design	  or	  upload	  information,	  it	  merely	  uses	  the	  forum	  as	  a	  downloadable	  closed	  output	  
forum,	  not	  a	  tool	  for	  lay	  users	  to	  design	  with.	  The	  project	  does	  not	  help	  users	  translate	  their	  
contextual	  needs	  or	  desires	  to	  create	  design	  outputs	  that	  are	  relevant	  to	  themselves.	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Figure	  12,	  3D	  printed	  broken	  receiver,	  from	  AR-­‐15,	  (Wilson	  2013)	  
Figure	  13,	  CAD	  file	  of	  AR-­‐15	  receiver,	  (Wilson	  2013)	  	  
Figure	  14,	  3D	  printed	  CAD	  file	  of	  receiver	  working,	  (Wilson	  2013)	  	  
	  
2.1.1.1 Open	  Design	  Systems	  
Where	  the	  previous	  examples	  of	  online	  platforms	  either	  focused	  on	  goals	  of	  manifestos	  or	  product	  
types,	  the	  next	  two	  projects	  are	  based	  around	  systems	  that	  guide	  users	  in	  their	  application.	  These	  
projects	  effectively	  create	  repositories	  of	  digital	  parts	  based	  around	  common	  themes	  that	  could	  
grow	  into	  universal	  Open	  Design	  and	  construction	  systems.	  Started	  in	  2011,	  the	  WikiHouse	  project	  
(www.wikihouse.cc)	  is	  an	  open	  community	  project	  aiming	  to	  make	  it	  possible	  for	  anyone	  to	  design	  a	  
piece	  of	  architecture	  (Anonymous	  2013d).	  It	  is	  an	  open	  source	  construction	  that	  allows	  for	  the	  
design,	  download	  and	  CNC	  milling	  of	  houses	  and	  components	  (Figure	  15),	  which	  can	  be	  assembled	  
with	  minimal	  formal	  skill	  or	  training.	  Designs	  are	  based	  around	  using	  1220mm	  x	  2440mm	  sheets	  of	  
18mm	  plywood,	  being	  structurally	  appropriate	  and	  accessible.	  
	  
	  
Figure	  15,	  WikiHouse	  construction	  process,	  (Anonymous	  2013d)	  
	  
The	  WikiHouse	  forms	  a	  set	  of	  principles	  that	  projects	  can	  use	  to	  build	  from:	  
-­‐ Adapt	  other	  people’s	  solutions	  
-­‐ Design	  for	  cheap	  materials	  that	  are	  fully	  recyclable	  
-­‐ Design	  for	  users	  with	  the	  minimal	  skill	  or	  training	  
-­‐ Design	  with	  maximum	  provision	  for	  safety	  
-­‐ Create	  rules	  for	  the	  climate	  you	  are	  designing	  in	  
-­‐ Be	  as	  open	  as	  possible	  
-­‐ It	  is	  easier	  to	  ship	  recipes	  than	  cakes	  and	  biscuits	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-­‐ Design	  for	  disassembly	  
-­‐ Design	  for	  mistakes,	  i.e.	  the	  assembler	  cannot	  get	  it	  wrong	  (Anonymous	  2013d).	  
	  
	  
Figure	  16,	  joint	  structures	  for	  WikiHouse,	  (Anonymous	  2013d)	  
Figure	  17,	  joint	  structures	  for	  WikiHouse,	  (Anonymous	  2013d)	  
The	  website	  contains	  a	  comprehensive	  guide	  for	  designers	  and	  a	  list	  of	  modelling	  standards	  to	  help	  
designers	  create	  or	  adapt	  projects	  effectively.	  The	  site	  contains	  links	  to	  free	  CAD	  software	  Google	  
SketchUp	  (www.sketchup.com),	  as	  well	  as	  a	  specially	  created	  plug-­‐in	  that	  automatically	  prepares	  
thumbnails	  of	  a	  model,	  and	  generates	  2D	  cutting	  templates	  of	  all	  the	  elements	  in	  the	  model	  (Google	  
2013).	  To	  access	  CAD	  data	  and	  cutting	  templates	  of	  previously	  designed	  buildings,	  a	  menu	  guides	  
users	  to	  projects.	  The	  tools	  used	  to	  cut	  components	  for	  the	  house	  include	  CNC	  milling,	  laser	  cutting	  
or	  water-­‐jet	  cutting	  and	  effectively	  cut	  two-­‐dimensional	  parts	  for	  assembly	  (Figure	  16	  &	  17).	  The	  
design	  files	  used	  to	  create	  the	  full	  scale	  parts	  can	  also	  be	  used	  to	  make	  scaled	  down	  prototypes	  from	  
card	  or	  thin	  plywood,	  that	  are	  then	  constructed	  in	  almost	  the	  same	  method	  as	  the	  full	  scale	  house.	  
As	  the	  design	  files	  are	  freely	  accessible,	  this	  type	  of	  prototyping	  helps	  people,	  especially	  those	  new	  
to	  construction,	  to	  understand	  potential	  difficulties	  in	  constructing	  someone	  else’s	  design.	  The	  
platform	  does	  not	  let	  participants	  translate	  their	  ideal	  designs	  into	  tangible	  outcomes	  as	  the	  user	  
still	  requires	  the	  input	  knowledge	  or	  barrier	  of	  CAD	  systems.	  The	  platform	  does	  not	  analyse	  the	  
created	  CAD	  model	  for	  structural	  integrity	  or	  optimise	  material	  performance	  for	  specific	  
environments.	  The	  WikiHouse	  enables	  lay	  users	  to	  tailor	  predetermined	  structural	  forms	  from	  a	  kit	  
of	  parts,	  but	  they	  still	  require	  CAD	  and	  structural	  knowledge.	  
	  
Open	  Structures	  (OS)	  (www.openstructures.net)	  is	  a	  platform	  example	  of	  Open	  Design	  and	  uses	  a	  
modular	  construction	  model,	  where	  everyone	  designs	  around	  a	  4cm	  x	  4cm	  geometric	  grid	  (Figure	  
18).	  The	  research	  project	  explores	  a	  modular	  construction	  model	  where	  everyone	  designs	  for	  
everyone.	  The	  platform	  uses	  its	  own	  CAD	  design	  tool,	  allowing	  the	  operator	  to	  “manipulate	  virtual	  
geometry,	  enabling	  a	  process	  of	  quick	  iteration”	  in	  a	  virtual	  space	  (Light,	  Gossard	  1982,	  209).	  The	  
CAD	  format	  is	  “based	  on	  a	  geometrical	  grid,	  ensuring	  parts	  created	  by	  different	  users	  complement	  
each	  other”	  (Figure	  19)	  (Lommee	  2012).	  The	  platform	  has	  traceable	  elements	  from	  the	  originator,	  
including	  the	  retail	  possibilities,	  copyright	  status,	  the	  composer,	  the	  current	  owner	  and	  alternate	  
assemblies	  the	  component	  has	  been	  used	  in.	  Whilst	  the	  system	  helps	  the	  user	  formulate	  their	  CAD	  
file	  around	  an	  interchangeable	  grid,	  the	  platform	  does	  not	  assist	  the	  user	  in	  realising	  their	  ‘ideal’	  
design	  solution,	  translating	  their	  theoretical	  concept	  into	  a	  proposal.	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Figure	  18,	  Open	  Structures	  4	  x	  4	  Grid,	  (Lommee	  2012)	  
Figure	  19,	  Open	  Structures	  finished	  product	  in	  4	  x	  4	  Grid,	  (Lommee	  2012)	  
	  
The	  OS	  platform	  lets	  people	  copy	  and	  re-­‐appropriate	  components	  for	  their	  own	  assembly	  or	  project,	  
which	  enables	  a	  community	  to	  develop	  around	  the	  system.	  The	  platform	  has	  rules	  about	  “designing	  
for	  disassembly,	  the	  difficulty	  in	  separating	  materials	  and	  components”	  at	  the	  end	  of	  their	  lifecycle	  
(Crowther	  1999).	  The	  platform	  enforces	  a	  classification	  system	  of	  either:	  frames,	  element,	  
connectors,	  components	  or	  integrated	  elements	  for	  traceability.	  The	  system	  relies	  on	  a	  connected	  
community	  of	  designers	  that	  requires	  skill	  and	  design	  knowledge,	  but	  predominantly	  ideas	  to	  create	  
with.	  The	  gap	  in	  systems	  like	  these	  is	  the	  design	  conception	  stage	  of	  actually	  creating	  product	  ideas	  
that	  can	  subsequently	  be	  openly	  accessible.	  The	  platform	  does	  not	  analyse	  the	  structural	  integrity	  of	  
the	  outputs	  or	  confine	  them	  to	  standards	  protecting	  users	  from	  their	  own	  errors.	  These	  stages	  of	  
design	  translation	  require	  contextual	  knowledge	  from	  both	  the	  user	  and	  the	  professional	  to	  ensure	  
outputs	  do	  not	  harm	  unsuspecting	  individuals.	  The	  OS	  platform	  enables	  lay	  users	  to	  be	  constrained	  
by	  a	  grid	  system	  and	  adapt	  predetermined	  components	  but	  they	  still	  require	  the	  ‘design	  concept’.	  
2.13 Open	  Sharing	  Web	  Based	  Platforms	  
An	  Open	  Design	  platform	  builds	  a	  community	  around	  the	  intended	  area,	  combining	  “community	  and	  
technology,	  two	  factors	  important	  in	  successful	  projects”	  (Hess	  1979,	  81).	  If	  these	  two	  elements	  are	  
designed	  in	  isolation,	  the	  outcome	  might	  not	  function	  as	  intended.	  A	  design	  platform	  enables	  a	  user	  
to	  engage	  in	  stages	  of	  the	  design	  process	  to	  create	  a	  specific	  product.	  As	  “design	  is	  predominately	  
seen	  as	  a	  ‘problem	  solving	  process’,	  it	  is	  easier	  to	  manipulate	  form	  or	  an	  aesthetic	  but	  it	  is	  hard	  to	  
replace	  the	  thought	  process”	  (Frayling	  2011,	  45).	  Platforms	  aid	  the	  development	  process	  by	  
restricting	  elements	  along	  the	  development	  path,	  ensuring	  an	  achievable	  outcome.	  Open	  Design	  
platforms	  can	  be	  seen	  as	  a	  typology	  for	  a	  ‘library	  of	  things’.	  They	  are	  not	  specific	  in	  what	  is	  shared,	  
nor	  tied	  to	  any	  overarching	  theme	  like	  WikiHouse.	  They	  have	  no	  socio	  political	  agenda,	  such	  as	  Open	  
Source	  Ecology,	  or	  Wiki	  weapons	  based	  on	  a	  modular	  or	  constructional	  system	  such	  as	  Open	  
Systems.	  	  
One	  prominent	  example	  is	  Thingiverse	  (www.thingiverse.com)(Makerbot	  industries	  2013).	  
Thingiverse	  is	  a	  web	  platform	  that	  freely	  distributes	  CAD	  data,	  enabling	  people	  to	  replicate	  and	  
derive	  information	  from	  other	  peoples’	  projects.	  Anything	  from	  mobile	  phone	  cases,	  replacement	  
parts,	  mechanisms,	  toys,	  furniture	  fixings	  and	  a	  multitude	  of	  experiments	  have	  been	  uploaded	  and	  
shared	  on	  Thingiverse.	  This	  is	  done	  mainly	  in	  the	  form	  of	  .stl	  files,	  as	  they	  are	  currently	  the	  file	  
format	  of	  choice	  for	  use	  with	  3D	  printers;	  however,	  they	  are	  simply	  a	  representation	  of	  points	  in	  
three	  dimensional	  space	  and	  so	  are	  void	  of	  the	  information	  that	  shaped	  them.	  Some	  users	  share	  .sld	  
files	  (Slide)	  or	  other	  file	  formats	  that,	  with	  the	  right	  software,	  anyone	  can	  see	  and	  can	  adapt	  the	  
‘design	  tree’	  (the	  process	  by	  which	  the	  object	  was	  created)	  and	  so	  make	  derivatives	  from	  them.	  
Thingiverse	  does	  not	  aid	  lay	  users	  in	  translating	  their	  concepts	  into	  tangible	  outcomes	  or	  ideas	  that	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can	  be	  built	  upon;	  platform	  users	  either	  borrow	  from	  others	  or	  create	  from	  scratch.	  Thingiverse	  has	  
also	  acted	  as	  a	  platform	  for	  sharing	  design	  content	  that	  appears	  on	  other	  websites,	  such	  as	  the	  AR-­‐
15	  lower	  receiver	  from	  the	  Wiki	  Weapon	  project.	  The	  majority	  of	  objects	  produced	  and	  added	  to	  the	  
Thingiverse	  platform	  are	  designed	  and	  produced	  using	  digital	  technologies.	  The	  database	  (at	  the	  
time	  of	  writing)	  holds	  18,566	  things	  that	  overwhelmingly	  have	  been	  contributed	  by	  users	  not	  
affiliated	  to	  the	  team	  running	  the	  site	  (Makerbot	  industries	  2013).	  	  
Contributors	  to	  the	  Thingiverse	  site	  can	  have	  their	  own	  profile	  page	  showing	  uploaded	  projects,	  with	  
a	  list	  of	  physical	  tools	  at	  their	  disposal	  offline.	  Searching	  for	  projects	  is	  possible	  by	  theme,	  tools	  used,	  
contributor	  and	  date	  uploaded.	  Projects	  can	  be	  searched	  by	  meta-­‐tags	  that	  users	  attach	  to	  each	  
project	  as	  a	  means	  to	  describe	  it.	  Within	  the	  site	  there	  is	  a	  forum	  for	  discussion,	  and	  users	  can	  also	  
make	  comments	  on	  the	  projects	  of	  others,	  allowing	  for	  more	  information	  to	  be	  gained;	  all	  this	  
content	  is	  open	  for	  others	  to	  read.	  Thingiverse	  is	  predominantly	  focused	  on	  sharing	  CAD	  data	  for	  
digital	  manufacture.	  The	  platform	  does	  not	  implement	  design	  or	  safety	  standards	  informing	  CAD	  
‘creators’	  of	  potential	  choking	  hazards	  for	  toy	  design	  outputs,	  for	  example.	  For	  users	  to	  participate	  
in	  the	  design	  process	  they	  need	  to	  have	  design	  knowledge	  of	  CAD	  and	  digital	  manufacturing	  
processes.	  	  
2.14 Parameterised	  Design	  
A	  distinct	  feature	  of	  Open	  Design	  is	  the	  involvement	  of	  novice	  or	  non-­‐professional	  designers	  
combined	  with	  a	  desire	  for	  a	  professional	  standard	  outcome	  or	  product.	  To	  enable	  non-­‐
professionals	  to	  use	  CAD	  to	  create	  specific	  product	  types,	  there	  are	  two	  notable	  examples	  -­‐	  the	  Sake	  
Set	  Creator	  on	  Shapeways	  website	  (Shapeways	  2013),	  and	  the	  Sketch	  Chair	  Project	  (Diatom	  Studio	  
2013).	  These	  tools	  allow	  users	  to	  create	  within	  a	  set	  of	  parameters	  or	  constraints,	  governed	  by	  
expertise	  or	  limitations	  known	  by	  the	  CAD	  system	  creators.	  
	  
Figure	  20,	  SketchChair,	  (Pavlus	  2013)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  21,	  SketchChair	  variations,	  (Pavlus	  2013)	  
Sketch	  Chair	  (www.sketchchair.cc)	  (Figure	  20	  &	  21)	  is	  a	  free,	  open	  source	  CAD	  tool	  that	  enables	  the	  
design,	  virtual	  testing	  and	  manufacture	  of	  digitally	  fabricated	  furniture	  (Diatom	  Studio	  2013).	  The	  
beta	  version	  of	  the	  Sketch	  Chair	  software	  has	  been	  released	  along	  with	  its	  source	  code	  for	  people	  to	  
tinker	  with,	  modify,	  and	  design	  chairs	  with.	  By	  sharing	  the	  source	  code,	  the	  originators	  have	  created	  
a	  toolkit	  for	  Open	  Design	  that	  is	  open	  to	  upgrade	  and	  improvement	  by	  its	  users.	  This	  open	  approach	  
to	  the	  software	  allows	  for	  a	  sense	  of	  community	  ownership	  over	  the	  software	  tools	  as	  well	  as	  
creating	  the	  potential	  of	  parallel	  CAD	  tools	  for	  creating	  other	  products.	  The	  sketch	  chair	  enables	  lay	  
users	  to	  tailor	  predetermined	  forms	  and	  not	  ‘design’	  their	  ideal	  artefact.	  
The	  goal	  for	  this	  project	  was	  not	  just	  to	  complete	  the	  software	  and	  release	  the	  source	  code,	  but	  to	  
build	  an	  online	  community	  of	  people,	  who	  create,	  share	  and	  edit	  designs.	  The	  software	  combines	  a	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constrained	  design	  platform	  with	  software	  that	  simulates	  real	  world	  properties	  and	  collision	  
detection	  and	  so	  allows	  users	  to	  easily	  piece	  together	  a	  chair	  they	  have	  designed,	  and	  then	  virtually	  
test	  its	  ergonomics	  and	  stability	  with	  a	  virtual	  test	  mannequin.	  Furniture	  can	  be	  designed	  or	  
customized	  using	  a	  simple	  2D	  drawing	  interface	  that	  has	  a	  number	  of	  tools	  for	  making	  simple	  or	  
complex	  changes	  to	  a	  design,	  such	  as	  adjusting	  profile	  outlines,	  changing	  the	  number	  of	  layers,	  or	  
controlling	  the	  symmetry	  of	  the	  chair.	  The	  project,	  whilst	  closing	  the	  manufacture,	  leads	  users	  to	  
new	  ideas	  within	  a	  set	  of	  parameters	  and	  does	  not	  encourage	  the	  translation	  of	  their	  concepts	  to	  a	  
more	  skilled	  third	  party.	  The	  parameters	  are	  set	  down	  by	  the	  machinery	  used	  for	  production	  and	  
output.	  
	  
Figure	  22,	  3D	  printed	  Saki	  set,	  (Shapeways	  2013)	  
Figure	  23,	  Saki	  set	  interface,	  (Shapeways	  2013)	  
	  
The	  saki	  set	  creator	  (Figure	  22	  &	  23)	  is	  built	  around	  the	  same	  parameter;	  the	  creator	  relies	  on	  
limiting	  the	  user	  to	  achieve	  an	  outcome	  by	  restricting	  them	  to	  a	  series	  of	  forms	  that	  are	  adjustable	  
within	  physical	  form	  but	  not	  in	  technical	  details,	  i.e.	  wall	  thickness.	  This	  set	  of	  parameters	  helps	  the	  
user	  achieve	  a	  product	  but	  is	  not	  a	  fully	  open	  system.	  This	  is	  not	  dissimilar	  to	  the	  Automake	  project	  
(Figure	  24),	  a	  system	  where	  generative	  processes	  use	  digital	  fabrication	  techniques	  (Figure	  25)	  
(Marshall	  Justin,	  Unver	  Ertu	  &	  Atkinson	  Paul	  2013).	  The	  process	  used	  a	  CAD	  system	  of	  parts	  that	  
users	  could	  manipulate	  and	  assemble	  (Figure	  26)	  to	  create	  a	  kit	  of	  components	  to	  form	  products.	  
Parameterised	  design	  does	  not	  aid	  the	  user	  to	  translate	  their	  open	  concepts	  into	  design	  solutions,	  it	  
constrains	  them	  to	  operate	  within	  relevant	  production	  processes	  controlling	  a	  producible	  output.	  
Parameterised	  design	  does	  not	  translate	  the	  users’	  ‘ideal	  concepts’	  into	  design	  material	  if	  those	  
ideas	  are	  outside	  of	  the	  systems	  constraints.	  The	  saki	  set	  creator	  only	  enables	  lay	  users	  to	  tailor	  
predetermined	  forms	  and	  not	  to	  ‘design’	  their	  ideal	  artefact.	  
	  
Figure	  24,	  Automake	  interface,	  (Marshall	  Justin,	  Unver	  Ertu	  &	  Atkinson	  Paul	  2013)	  
Figure	  25,	  Automake	  interface,	  (Marshall	  Justin,	  Unver	  Ertu	  &	  Atkinson	  Paul	  2013)	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Figure	  26,	  Automake	  interface,	  (Marshall	  Justin,	  Unver	  Ertu	  &	  Atkinson	  Paul	  2013)	  
2.15 Closed	  System,	  using	  Open	  Design	  as	  Distribution	  
Neonurture	  (www.designthatmatters.org/neonurture/),	  is	  a	  child	  incubator	  (Figure	  27)	  created	  from	  
automotive	  parts	  (Figure	  28)	  and	  caters	  for	  financially	  restricted	  institutions	  to	  have	  baby	  
incubators.	  This	  project	  used	  a	  closed	  open	  approach.	  There	  is	  no	  access	  to	  plans,	  drawings	  or	  
construction	  methods	  outside	  of	  the	  project,	  but	  it	  is	  not	  the	  aim	  of	  the	  project	  for	  people	  to	  make	  
their	  own	  solution.	  The	  aim	  of	  the	  project	  is	  to	  make	  a	  product	  accessible	  and	  serviceable	  to	  those	  
that	  previously	  could	  not	  afford	  it	  (Figure	  29).	  The	  project	  was	  constructed	  from	  automotive	  parts	  as	  
the	  designers	  asked	  “what	  already	  gets	  fixed?”	  and	  utilised	  this	  thinking	  (Design	  that	  Matters	  2013).	  	  
The	  openness	  of	  the	  project	  is	  the	  accessibility	  to	  parts	  and	  the	  unit’s	  repair.	  The	  project	  has	  not	  
translated	  lay	  users’	  concepts	  into	  tangible	  design	  solutions;	  it	  is	  using	  openness	  as	  a	  distribution	  
model.	  The	  project	  does	  not	  include	  lay	  users	  within	  its	  development	  or	  undertake	  participatory	  
design	  methodologies.	  This	  project	  does	  not	  enable	  participants	  to	  make	  contributions	  to	  Open	  
Design.	  
	  
Figure	  27,	  NeoNurture	  baby	  monitor,	  (Design	  that	  Matters	  2013)	  
Figure	  28,	  NeoNurture,	  Interior	  (Design	  that	  Matters	  2013)	  
Figure	  29,	  NeoNurture	  baby	  monitor,	  (Design	  that	  Matters	  2013)	  
2.16 Open	  Design’s	  Evolution	  from	  DIY?	  
The	  advent	  of	  the	  Internet	  has	  lowered	  the	  skills	  required	  to	  gain	  knowledge	  and	  “radically	  lowered	  
the	  barrier	  for	  entry	  for	  collaborative	  participation”	  (Menichinelli	  Massimo	  2012).	  A	  future	  along	  
these	  lines	  need	  not	  be	  a	  future	  without	  professional	  designers;	  it	  should,	  rather,	  be	  a	  future	  in	  
which	  “professional	  designers	  cease	  to	  defend	  designing	  as	  their	  exclusive	  preserve,	  and	  choose	  
instead	  to	  enable,	  educate,	  and	  empower	  fellow-­‐humans	  to	  design	  and	  participate	  in	  the	  designing	  
of	  the	  world	  they	  inhabit”	  (Pacey	  1992,	  12).	  Pacey	  posits	  that	  Open	  Design	  is	  not	  going	  to	  replace	  
conventional	  manufacture	  but	  rather	  compliment	  it	  by	  tailoring	  designed	  elements	  at	  sanctioned	  
points	  along	  the	  design	  process.	  Pacey	  does	  not	  posit	  that	  designers	  will	  be	  a	  translation	  tool	  for	  lay	  
users	  to	  reinterpret	  their	  ideal	  concepts.	  
	  
Openness	  can	  be	  designed	  into	  objects.	  The	  ‘DIY	  movement’	  believes	  artefacts	  should	  be	  owned	  
from	  the	  inside	  out.	  This	  praxis	  is	  the	  manifesto	  of	  Makezine,	  a	  DIY	  enthusiast’s	  publication:	  “if	  you	  
can’t	  open	  it	  then	  you	  don’t	  own	  it”	  (Figure	  30)	  (Jalopy,	  Torrone	  et	  al.	  2005,	  1).	  Even	  though	  the	  
whole	  object	  is	  ‘open’	  and	  accessible,	  there	  are	  still	  compliances	  and	  regulations	  that	  are	  required	  to	  
protect	  users	  from	  inadequate	  or	  dangerous	  products.	  This	  shift	  from	  DIY	  is	  affecting	  design	  by	  
design	  now	  engaging	  with	  “User	  Generated	  Content	  (UGC),	  marking	  a	  shift	  in	  the	  way	  ordinary	  
people	  are	  now	  being	  able	  to	  contribute	  to	  the	  creation	  of	  media”	  (Cruickshank,	  Evans	  2009,	  14).	  DIY	  
could	  be	  seen	  as	  the	  de-­‐skilling	  of	  many	  processes	  to	  produce	  “professional”	  results	  (Atkinson	  2010,	  
8).	  Open	  Design	  is	  a	  concept	  that	  opens	  the	  fabrication	  techniques,	  construction	  or	  the	  ability	  to	  edit	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the	  finished	  proposal	  to	  the	  user,	  enabling	  a	  user/purchaser	  to	  customise	  or	  alter	  the	  product	  or	  
service	  for	  their	  own	  use.	  This	  often	  relies	  on	  a	  library	  of	  information	  or	  parts	  to	  adapt	  outline	  
possible	  constructions.	  Nothing	  “has	  changed	  the	  role	  of	  the	  designer	  as	  radically	  as	  the	  digitization	  
of	  the	  technological	  and	  communicative	  interfaces”	  (Creative	  Industries	  2011).	  The	  designer	  needs	  
to	  understand	  how	  to	  “facilitate	  connections	  between	  users	  and	  [implementers]	  rather	  than	  just	  
speaking	  for	  them”	  (Cruickshank,	  Evans	  2009,	  8).	  Toolkits	  and	  translation	  techniques	  including	  lay	  
users	  within	  the	  design	  process	  are	  required	  to	  facilitate	  these	  ‘connections’,	  demonstrating	  gaps	  in	  
existing	  knowledge.	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Figure	  30,	  Maker’s	  Bill	  of	  Rights,	  (Jalopy,	  Torrone	  et	  al.	  2005)	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2.17 Open	  Design	  Summary	  
The	  process	  of	  Open	  Design	  means	  that	  artefacts	  are	  not	  just	  distributed	  for	  free	  but	  are	  a	  tool	  for	  
individuals	  to	  make,	  adapt	  or	  distribute	  a	  product	  in	  low	  numbers.	  Rather	  than	  manufacturers	  
creating	  products	  for	  users	  to	  purchase	  at	  the	  end	  of	  production,	  users	  can	  initiate	  the	  production	  of	  
products.	  This	  approach	  creates	  design	  opportunities	  for	  translation	  tools,	  helping	  lay	  users	  to	  
accurately	  translate	  their	  concepts.	  Lay	  users	  need	  guidance	  for	  product:	  functionality,	  
manufacturing,	  technical	  and	  safety	  considerations	  and	  this	  can	  be	  addressed	  by	  creating	  pertinent	  
design	  tools.	  The	  process	  of	  Open	  Design,	  whilst	  germinating	  possibilities,	  needs	  to	  be	  constrained	  
within	  situational	  contexts.	  With	  positive	  concept	  translation,	  users	  can	  focus	  on	  generating	  
concepts	  avoiding	  the	  pitfalls	  of	  a	  completely	  open	  system.	  Current	  systems	  are	  either	  providing	  lay	  
users	  with	  free	  rein	  or	  controlling	  them	  with	  specific	  manufacturing	  outputs.	  Open	  Design	  systems	  
are	  usually	  tied	  to	  a	  particular	  fabrication	  process,	  meeting	  a	  specific	  need	  but	  not	  reviewing	  future	  
scenarios	  as	  “consumer	  responses	  to	  ideas	  for	  new	  products	  and	  services	  are	  limited	  by	  their	  
understanding	  of	  the	  potential	  that	  the	  future	  holds”	  (Evans	  2011).	  Lay	  users	  need	  design	  direction	  
to	  create	  solutions,	  especially	  when	  they	  are	  including	  complete	  openness.	  Determining	  when	  and	  
where	  a	  project	  should	  be	  ‘open’	  has	  positive	  and	  negative	  affects	  but	  can	  only	  be	  determined	  by	  a	  
position	  of	  knowledge.	  	  
Lay	  users	  need	  to	  understand	  the	  downsides	  of	  many	  material	  they	  are	  opening	  and	  why.	  Lay	  users	  
need	  to	  create	  the	  concepts	  and	  ideas,	  as	  systems	  do	  not	  provide	  the	  creativity	  or	  insight	  that	  a	  
toolkit	  and	  workshop	  can.	  There	  is	  currently	  no	  Open	  Design	  toolkit	  guiding	  users	  through	  open	  
stages	  of	  the	  design	  process	  within	  the	  contextual	  territory	  of	  Citizen	  Science.	  The	  gap	  in	  knowledge	  
is	  the	  application	  of	  how	  organisations	  can	  consider	  the	  future	  of	  Open	  Design	  if	  the	  current	  
manufacturing,	  safety	  and	  environmental	  derailments	  have	  been	  dealt	  with.	  Artefact	  creators	  need	  
to	  consider	  how	  they	  could	  empower	  people	  to	  create	  translated	  solutions,	  not	  just	  determine	  the	  
outputs	  lay	  users	  can	  create.	  	  
2.18 Digital	  Fabrication	  
2.19 Overview	  of	  Digital	  Fabrication	  
Digital	  fabrication	  is	  processes	  that	  translate	  2D	  design	  information	  into	  3D	  parts	  or	  finished	  
artefacts.	  This	  process	  has	  been	  used	  by	  industry	  practitioners	  for	  decades	  to	  test	  concepts	  prior	  to	  
volume	  manufacture.	  The	  access	  to	  digital	  fabrication	  has	  evolved	  due	  to	  three	  elements:	  the	  
decrease	  in	  equipment’s	  cost,	  the	  increase	  of	  accessible	  ‘input’	  software	  and	  the	  proliferation	  of	  
parties	  exploring	  these	  technologies.	  Lay	  users’	  experiments	  and	  the	  access	  to	  these	  technologies	  
has	  been	  made	  possible	  by	  the	  Internet.	  
2.20 What	  is	  Mass	  Manufacture?	  
Mass	  manufacture	  is	  the	  ability	  to	  distil	  a	  product	  into	  component	  parts	  for	  volume	  optimisation,	  
meeting	  a	  generic	  need.	  This	  approach	  has	  evolved	  due	  to	  the	  legacy	  of	  Ford.	  During	  the	  depression	  
of	  1907,	  there	  were	  steps	  to	  standardise	  parts	  within	  the	  motor	  industry,	  reducing	  their	  cost	  and	  
enhancing	  the	  speed	  of	  production.	  ‘Fordism’	  led	  to	  the	  standardisation	  of	  manufacturing	  chains,	  
ensuring	  quality	  and	  precision	  as	  several	  operators	  were	  responsible	  for	  assembling	  single	  elements	  
(Nevins	  1970,	  6).	  The	  most	  “important	  objective	  of	  [conventional]	  manufacturing	  was	  the	  mass	  
production	  of	  goods	  [ensuring]	  lower	  prices”	  (Yusuf,	  Sarhadi	  et	  al.	  1999,	  18).	  The	  industrial	  designers	  
“professional	  activity	  [has]	  one	  key	  component…	  mass	  manufacture”	  (Campbell,	  Hague	  et	  al.	  2003,	  
23).	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2.21 What	  is	  Digital	  Fabrication?	  
New	  technologies	  are	  enabling	  manufacture	  to	  become	  decentralised	  from	  the	  factory	  into	  the	  
hands	  of	  the	  public	  or	  laypersons	  who	  need	  “no	  special	  training	  to	  manufacture	  their	  own	  complex,	  
one-­‐of-­‐a-­‐kind	  artisan	  objects”	  (Lipson,	  Kurman).	  The	  term	  industrial	  designer	  comes	  from	  the	  ability	  
to	  design	  industrially,	  on	  a	  large	  scale	  with	  industrial	  processes.	  When	  a	  designer	  designs	  one-­‐off	  
products	  then	  the	  term	  industrial	  gets	  dropped	  and	  they	  become	  a	  “craft	  designer”	  (Campbell,	  
Hague	  et	  al.	  2003,	  24).	  With	  the	  decentralisation	  of	  machinery,	  plans	  can	  be	  shipped,	  downloaded	  
and	  distributed	  quicker	  than	  the	  physical	  distribution	  of	  objects.	  Design	  has	  often	  catered	  to	  
international	  manufacture	  from	  factories	  or	  assembly	  plants;	  these	  factories	  have	  often	  been	  
clustered	  together	  for	  economic	  means	  relying	  on	  each	  other.	  Design	  and	  “manufacturing	  have	  
become	  concentrated	  in	  opposite	  parts	  of	  the	  world;	  perhaps	  as	  a	  result	  of	  mass	  production”	  
(Leonardo	  Bonanni,	  Amanda	  Parkes	  &	  Hiroshi	  Ishii	  2008).	  Digital	  manufacture	  evolves	  the	  fabrication	  
process,	  as	  manufacturers	  can	  be	  located	  anywhere.	  
	  
Design:	  The	  planning	  and	  fabricating	  of	  things	  that	  considers	  their	  aesthetic,	  symbolic	  or	  semantic	  
function.	  
	  
Making:	  The	  planning	  and	  fabricating	  of	  things	  generally	  undertaken	  outside	  of	  professional	  
settings	  or	  roles.	  
	  
Digital	  Fabrication:	  The	  making	  of	  physical	  objects	  through	  the	  use	  of	  computer-­‐controlled	  tools	  
(Diane	  P	  et	  al.	  2009).	  
	  
Digital	  fabrication	  is	  creating	  access	  for	  users	  to	  create	  digital	  products	  or	  access	  to	  the	  files	  that	  
make	  them.	  For	  manufacturers,	  “costs	  will	  be	  dramatically	  reduced	  as	  no	  tooling	  is	  required	  and	  for	  
customers,	  complex,	  individualised	  products	  will	  be	  cost-­‐effectively	  made	  that	  can	  be	  configured	  to	  
personal	  use”	  (Hague	  2006).	  Whilst	  some	  digital	  fabrication	  technologies	  are	  considered	  as	  
prototyping	  technologies	  for	  small	  batch	  runs,	  these	  technologies	  will	  increase	  in	  performance,	  
quality	  and	  durability	  in	  the	  foreseeable	  future.	  Digital	  fabrication	  enables	  lay	  users	  to	  engage	  in	  the	  
construction	  and	  ‘design’	  of	  goods	  that	  was	  previously	  the	  domain	  of	  professionals.	  
Computer	  Aided	  Design	  (CAD)	  is	  a	  process	  of	  drafting	  on	  a	  computer	  and	  had	  previously	  been	  used	  
by	  “professional	  industrial	  designers	  and	  engineers”	  (Lipson,	  Kurman).	  Previously,	  CAD,	  as	  a	  
professional	  tool,	  took	  training,	  skill	  and	  knowledge	  to	  use.	  Now	  there	  are	  open	  source	  versions	  that	  
often	  do	  not	  have	  so	  much	  detail	  or	  functionality	  but	  are	  becoming	  better	  by	  the	  day.	  However,	  the	  
lay	  user	  still	  requires	  design,	  material	  and	  concept	  translation	  knowledge	  to	  make	  their	  ideas	  a	  
reality.	  CAD	  technologies	  still	  require	  the	  lay	  user	  to	  invest	  time	  and	  generate	  their	  own	  content	  
even	  if	  they	  are	  helped	  by	  ‘stock	  in	  programme	  forms’.	  New	  technologies	  are	  emerging	  that	  allow	  
designers	  to	  create	  products	  that	  “have	  not	  been	  made	  through	  traditional	  mass-­‐manufacture	  
routes”	  (Campbell,	  Hague	  et	  al.	  2003,	  84).	  Digital	  fabrication	  technologies	  “have	  dynamic	  open-­‐
source	  communities	  of	  DIY	  and	  pro-­‐am	  users	  making	  and	  configuring	  their	  own	  tools”	  (Diane	  P	  et	  al.	  
2009).	  
Digital	  manufacturing	  has	  led	  to	  movements	  in	  ‘lightweight	  manufacturing’	  when	  the	  production	  of	  
goods	  has	  “moved	  from	  centralised	  production	  to	  adhoc	  factories”	  (Pescovitz	  2008).	  This	  gives	  small	  
factories,	  with	  the	  required	  tools	  and	  knowledge,	  the	  ability	  to	  move	  quickly	  by	  developing	  new	  
concepts	  and	  products.	  The	  advantage	  of	  these	  technologies	  is	  “the	  ability	  to	  manufacture	  parts	  of	  
virtually	  and	  complexity	  of	  geometry	  entirely	  without	  tooling”	  (Campbell,	  Hague	  et	  al.	  2003).	  This	  
‘freedom	  of	  design’	  opens	  opportunities	  to	  fabricate	  complex	  objects	  not	  complying	  with	  the	  design	  
rules	  of	  traditional	  manufacturing	  processes.	  The	  advantages	  of	  lightweight	  manufacture	  can	  be:	  
“more	  prototyping	  speeding	  up	  the	  process	  to	  create	  products,	  collaborating	  internationally	  or	  
remotely	  and	  still	  be	  able	  to	  create	  physical	  objects	  and	  the	  power	  to	  collaborate	  with	  customers”	  
(Pescovitz	  2008).	  The	  next	  shifts	  that	  digital	  manufacture	  could	  introduce	  are:	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  51	  of	  265	  
-­‐ Economic	  emergence.	  Where	  communities	  can	  design	  and	  create	  their	  own	  products	  locally,	  
understanding	  the	  needs	  of	  local	  people.	  
-­‐ Consumer-­‐led	  product	  design.	  The	  capabilities	  of	  making	  products	  shift	  away	  from	  just	  
companies	  into	  the	  hands	  of	  the	  consumer.	  
-­‐ Scale	  up	  from	  one.	  Companies	  will	  quickly	  be	  able	  to	  manufacture	  low	  volume	  objects	  but	  still	  
compete	  nationally	  and	  internationally.	  
-­‐ Less	  market	  research,	  more	  toolkits.	  Companies	  can	  design	  and	  equip	  people	  with	  the	  relevant	  
toolkits	  aimed	  at	  specific	  product	  development	  challenges	  (Lipson,	  Kurman,	  2012).	  	  
	  
Combining	  DM/DF	  with	  conventional	  manufacturing	  processes	  could	  establish	  a	  hybrid	  product	  line	  
using	  mass	  manufacture	  to	  complement	  “individual-­‐production	  items,”	  exploring	  new	  territories	  and	  
reducing	  cost	  whilst	  meeting	  bespoke	  requirements	  (Igoe	  T	  &	  Mota	  C.	  2011,	  6).	  	  
2.22 The	  Domestication	  of	  Industry	  Processes	  
Personal	  “manufacturing	  machines,	  or	  ‘fabbers’,	  are	  pint-­‐sized,	  low-­‐cost	  descendants	  of	  mass	  
manufacturing	  machines	  used	  in	  factories”	  (Lipson,	  Kurman,	  2012).	  Personal	  manufacturing	  
“machines	  use	  the	  same	  manufacturing	  methods	  as	  their	  larger	  industrial	  forbearers	  to	  create	  a	  
mind-­‐boggling	  variety	  of	  products”	  (Lipson,	  Kurman,	  2012).	  Within	  “a	  few	  years,	  personal	  
manufacturing	  technologies	  will	  be	  commonplace	  in	  small	  businesses	  and	  schools”	  (Lipson,	  Kurman,	  
2012).	  There	  are	  already	  retail	  outlets	  and	  now	  “vending	  machines	  for	  3D	  printing	  in	  colleges”	  
(Gonda	  2013).	  Granted,	  these	  are	  high	  yield	  areas	  but,	  as	  costs	  and	  material	  challenges	  become	  
addressed,	  they	  will	  become	  more	  visible.	  The	  proliferation	  of	  personal	  manufacturing	  technologies	  
will	  still	  require	  lay	  users	  to	  be	  enabled	  in	  create	  their	  own	  objects	  and	  translating	  their	  ideas	  into	  
tangible	  outputs.	  The	  tipping	  point	  of	  digital	  manufacturing	  technologies	  to	  make	  them	  more	  
domesticated	  will	  be:	  
-­‐ “Customization	  is	  ‘in’	  and	  consumers	  want	  to	  be	  unique”.	  Users	  already	  embrace	  the	  mobile	  phone	  
boom	  with	  custom	  covers,	  custom	  ringtones	  and	  other	  personalisation	  elements.	  
-­‐ “Rip,	  mix	  and	  burn…	  physical	  objects”.	  People	  can	  already	  make	  home	  movies	  due	  to	  the	  access	  to	  
equipment,	  software	  and	  accessible	  on-­‐line	  tutorials.	  	  
-­‐ “Cheap	  hardware”.	  The	  cost	  of	  personal	  manufacturing	  machines	  is	  already	  reducing.	  
-­‐ “Accessible	  design	  software”.	  CAD	  has	  become	  more	  price	  accessible.	  	  
-­‐ “Electronic	  Blueprints”,	  the	  more	  prolific	  the	  Internet,	  the	  more	  available	  different	  materials	  will	  be	  
published,	  possibly	  with	  a	  greater	  degree	  of	  open-­‐ness?	  (Lipson,	  Kurman,	  2012)	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2.23 The	  World	  of	  the	  ‘Blobjects’	  
In	  Shaping	  things,	  author	  Bruce	  Sterling	  comments	  that	  “Everyone	  can’t	  be	  a	  designer”	  (Sterling	  
2005,	  7).	  Sterling	  highlights	  that,	  just	  because	  anyone	  can	  ‘design’,	  this	  does	  not	  mean	  that	  we	  
should.	  There	  are	  variety	  of	  factors	  and	  knowledge	  within	  the	  context	  of	  producing	  and	  
manufacturing	  an	  object	  that	  require	  consideration.	  Good	  design	  almost	  becomes	  “beneath	  notice”	  
when	  it	  works	  well	  and	  is	  seamlessly	  integrated	  (Sterling	  2005,	  6).	  If	  the	  process	  of	  Open	  Design	  had	  
no	  structure	  then	  it	  could	  lead	  to	  a	  “world	  of	  physical	  spam”	  and	  “blobjects”	  −	  objects	  created	  with	  
no	  sole	  purpose,	  function	  or	  need	  but	  just	  based	  on	  the	  fact	  that	  we	  can	  (Sterling	  2005,	  18).	  There	  
are	  uncertainties	  with	  Open	  Design;	  projects	  have	  already	  thrown	  up	  changes	  in	  international	  
firearm	  laws,	  a	  new	  approach	  to	  copyright	  and	  ownership,	  new	  directions	  on	  standards	  and	  the	  
responsibility	  of	  people	  filling	  the	  world	  with	  defective	  products.	  These	  ‘blobjects’	  have	  included	  the	  
physical	  representation	  of	  data,	  business	  cards,	  mobile	  phone	  docks	  (Figure	  31)	  and	  random	  
memorabilia	  (Figure	  32).	  But	  who	  has	  the	  right	  to	  stop	  this,	  and	  when?	  Is	  it	  just	  a	  question	  of	  
material	  recycling	  and	  the	  misapplication	  of	  knowledge?	  
	  
Figure	  31,	  iPhone	  Dock,	  (Hurst	  2013)	  
Figure	  32,	  Bobble	  heads,	  (3D	  Printing	  model	  Blog	  2012)	  	  
	  
Digital	  fabrication	  “will	  inevitably	  enable	  amateur	  enthusiasts	  to	  knock	  off	  and	  alter	  commercial	  
products	  in	  their	  garages”	  (Igoe	  T	  &	  Mota	  C	  2011,	  6).	  These	  technologies	  have	  already	  been	  
exploited	  by	  “ATM	  skimmers”,	  units	  placed	  over	  the	  card	  slot	  on	  a	  cash	  point	  that	  copy	  details	  every	  
time	  a	  customer	  inserts	  their	  card	  (Igoe	  T	  &	  Mota	  C	  2011).	  There	  have	  been	  reported	  cases	  of	  groups	  
sent	  to	  jail	  from	  producing	  their	  own	  “skimmers,	  each	  kit	  estimating	  $2,000	  to	  $10,000	  per	  kit,	  
achieving	  stolen	  funds	  of	  up	  to	  $400,000”	  over	  two	  years(Krebs	  06/12/2011).	  	  
Whilst	  there	  is	  design	  freedom	  for	  people	  to	  create	  their	  own	  products,	  there	  are	  large	  scale	  issues	  
and	  disadvantages	  to	  the	  whole	  process	  where	  unskilled	  users	  could	  harm	  themselves	  or	  others	  
around	  them:	  
	  
-­‐ “Reliability	  and	  quality	  assurance”.	  Home	  manufactured	  toys	  present	  choking	  hazards.	  
-­‐ “Liability	  challenges”.	  If	  the	  home	  maker	  gets	  harmed	  by	  the	  ‘home-­‐made’	  object,	  who	  is	  liable:	  
the	  assembler,	  the	  maker	  of	  the	  fabrication	  machine,	  the	  material	  provider	  or	  the	  designer	  of	  the	  
CAD	  file?	  The	  list	  could	  be	  exponential.	  
-­‐ “No	  version	  control”.	  Because	  anything	  could	  be	  made	  anywhere,	  updating	  either	  products	  or	  
software	  and	  editing	  it	  will	  make	  it	  hard	  to	  keep	  track	  of	  repairs,	  guarantees	  etc.	  	  	  
-­‐ “Consumer	  protection”.	  If	  inappropriate/toxic	  materials	  are	  used	  then	  user	  protection	  is	  hard.	  
-­‐ “No	  formal	  standards”.	  The	  British	  Standards	  Industry	  (BSI)	  was	  formed	  to	  protect	  users	  from	  the	  
products	  they	  buy,	  ensuring	  quality	  comparison	  from	  multiple	  manufacturers.	  These	  are	  rigorous	  
tests	  and	  conditioning	  procedures.	  How	  will	  this	  be	  developed	  with	  users	  being	  able	  to	  make	  
anything…	  anywhere?	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-­‐ “Not	  yet	  cheap	  enough”.	  Technologies	  are	  reducing	  in	  price	  but	  will	  everyone	  have	  access?	  
(Lipson,	  Kurman,	  2012).	  
2.24 Public	  Fabrication	  Service:	  the	  Introduction	  of	  the	  Fablab	  
2.25 What	  is	  a	  Fablab?	  
Neil	  Gershenfeld,	  Massachusetts	  Institute	  of	  Technology	  (MIT)	  director	  for	  the	  Institute	  of	  Bits	  and	  
Atoms	  saw	  the	  potential	  in	  personal	  fabrication	  and	  started	  to	  create	  a	  model	  for	  accessible	  
production	  (Figure	  33).	  He	  saw	  that	  “instead	  of	  shopping	  for	  and	  ordering	  a	  product,	  you	  could	  
download	  or	  develop	  its	  description,	  supplying	  the	  fabricator	  with	  designs	  and	  raw	  materials”	  
(Gershenfeld	  2005,	  24).	  Using	  this	  inspiration,	  he	  set	  up	  a	  series	  of	  spaces	  internationally	  with	  digital	  
manufacture	  capabilities	  and	  technical	  support	  to	  see	  what	  local	  communities	  would	  create	  (Figure	  
34).	  These	  “fablabs”,	  “Fabulous	  laboratories”,	  work	  from	  several	  different	  profitable	  models,	  
including:	  membership,	  pay-­‐per-­‐use	  or	  classes	  that	  offer	  training	  for	  specific	  tools	  (Gershenfeld	  
2005).	  The	  laboratories	  were	  about	  selling	  products	  but	  giving	  users	  access	  to	  the	  knowledge	  and	  
tools	  required	  to	  make	  what	  they	  wanted.	  The	  spaces	  enable	  lay	  users	  to	  create	  products	  through	  
tutorials,	  technician-­‐run	  workshops	  and	  material	  publication	  online.	  The	  users	  still	  require	  the	  
propensity	  to	  make	  artefacts	  and	  the	  concepts	  from	  their	  imagination	  to	  create.	  ‘Users	  as	  designers’	  
will	  become	  more	  commonplace	  with	  ‘fablabs	  ’being	  established	  around	  the	  globe.	  
	  
Figure	  33,	  Fablab	  space,	  (Focus	  2013)	  
Figure	  34,	  Fablab	  public	  engagement	  day,	  (DEVELOP3D	  2013)	  
2.26 Open	  Design	  and	  Open	  Fabrication	  
2.27 What	  is	  Open	  Hardware?	  
Anderson,	  in	  his	  2007	  book	  titled	  The	  Long	  Tail:	  How	  Endless	  Choice	  is	  Creating	  Unlimited	  Demand,	  	  
saw	  some	  new	  economic	  patterns	  that	  are	  emerging	  (Anderson	  2007).	  He	  observed	  that,	  with	  digital	  
media,	  it	  is	  easy	  to	  create,	  publish	  and	  distribute	  production	  and	  decentralise	  consumption	  
(Anderson	  2007).	  Whilst	  previously	  technology	  was	  in	  the	  hands	  of	  the	  mass	  produced	  and	  the	  
professional,	  now	  the	  layperson	  has	  access	  to	  create	  his	  own	  technology.	  Open	  hardware	  reduces	  
the	  entry	  point	  so	  “People	  that	  have	  no	  special	  skills	  or	  training	  can	  “rip,	  mix	  and	  burn”	  physical	  
objects	  such	  as	  unique	  household	  goods,	  jewellery,	  toys	  and	  maybe	  someday	  electronic	  devices”	  
(Lipson,	  Kurman,	  2012,	  9).	  Open	  hardware	  is	  a	  mass	  produced	  set	  of	  componentry	  that	  can	  be	  used	  
as	  a	  kit	  of	  parts	  for	  “people	  to	  make	  their	  own	  devices”	  (Mellis,	  Buechley	  2012,	  84).	  Open	  hardware	  
is	  lowering	  the	  access	  and	  skills	  required	  for	  people	  to	  make	  their	  own	  technical	  electronic	  
equipment.	  Open	  hardware	  encompases	  several	  retailers	  that	  have	  opened	  up	  their	  technology	  so	  
users	  can	  adapt	  it	  for	  their	  own	  means.	  Lipson	  argues	  that	  “Someday	  [personal	  manufacturing	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technologies]	  will	  be	  able	  to	  print	  complete	  electronic	  circuits	  that	  come	  out	  of	  the	  machine	  already	  
inside	  their	  mechanical	  casing,	  with	  no	  later	  assembly	  required”	  (Lipson,	  Kurman,	  2012).	  
	  
Open	  hardware	  platforms	  include	  Arduino	  (www.arduino.cc),	  Gadgeteer	  
(www.netmf.com/gadgeteer),	  little	  bits	  (www.littlebits.cc),	  twine	  (www.supermechanical.com),	  
raspberry	  pi	  (www.raspberrypi.org)	  and	  copies	  that	  have	  been	  created	  due	  to	  their	  open	  source	  
origins.	  They	  all	  have	  different	  features	  and	  coding	  languages.	  An	  Arduino	  is	  “a	  simple	  
microcontroller	  with	  a	  circuit	  board	  that	  easily	  accommodates	  switches	  and	  sensors”	  (Arduino	  
2013).	  Arduino,	  founded	  by	  Massimo	  Banzi,	  is	  one	  of	  the	  most	  common	  open	  hardware	  products,	  
the	  microprocessor	  uses	  a	  coding	  language	  of	  C/C++	  (Sarik,	  Kymissis	  2010).	  Whilst	  Arduino	  is	  the	  
most	  active	  as	  it	  has	  the	  biggest	  online	  community,	  Microsoft’s	  Gadgeteer	  is	  trying	  to	  adopt	  a	  plug-­‐
and-­‐play	  system	  for	  open	  hardware.	  Whilst	  these	  kits	  appear	  to	  be	  plug-­‐and-­‐play,	  they	  require	  
coding	  knowledge,	  raising	  the	  entry	  level	  for	  lay	  users.	  Powell	  argues	  that	  “In	  general,	  hardware	  
hacking	  practices	  introduces	  opportunities	  to	  develop	  new	  forms	  of	  technological	  citizenship,	  based	  
on	  better	  knowledge	  about	  how	  things	  work,	  and	  increased	  abilities	  to	  take	  apart,	  repair	  and	  
reconstruct	  the	  devices	  that	  increasingly	  mediate	  and	  facilitate	  our	  communications”(Powell	  2012,	  
43).	  So	  creating	  a	  product	  with	  open	  hardware	  enables	  users	  to	  contribute,	  repair	  and	  extend	  the	  
life	  of	  products.	  
2.28 Digital	  Fabrication	  and	  the	  Kit	  Makers	  
A	  kit	  is	  a	  set	  of	  designed	  or	  off-­‐the-­‐shelf	  parts	  to “make	  making	  technology	  easier,	  as	  systems	  of	  
modular	  parts	  they	  lower	  the	  entry	  bar	  to	  science,	  engineering	  and	  technology	  disciplines”	  (Perner-­‐
Wilson,	  Buechley	  et	  al.	  2011).	  Kits	  have	  been	  used	  throughout	  history	  to	  distribute	  ideas	  and	  reduce	  
manufacturing	  costs.	  A	  kit	  is	  a	  composite	  of	  parts	  that	  can	  be	  assembled	  by	  the	  intended	  audience.	  
Conventionally,	  these	  construction	  kits	  have	  remained	  within	  children’s	  toys.	  These	  toys	  have	  
evolved	  from	  building	  blocks,	  Airfix	  (www.airfix.com)	  Meccano	  (www.meccano.com),	  Lego	  
(www.lego.com)	  and	  expanded	  to	  technological	  kits;	  for	  example,	  the	  Braun	  Lectron	  system	  
(www.lectron.de).	  These	  kits	  were	  designed	  as	  it	  is	  cheaper	  for	  the	  end	  user	  to	  assemble	  the	  kit	  of	  
parts,	  making	  high	  finished	  products	  accessible	  for	  the	  toy	  market.	  This	  process	  of	  construction	  was	  
later	  expanded	  to	  embrace	  creativity	  and	  more	  educational	  values.	  	  
In	  1996,	  Gross	  published	  Why	  Can’t	  CAD	  be	  More	  Like	  Lego?	  CKB,	  a	  Program	  for	  Building	  
Construction	  Kits	  (Gross	  1996).	  Gross	  documents	  that	  the	  selection	  and	  position	  of	  components	  and	  
the	  creation	  of	  “rules	  as	  constraints”	  makes	  for	  positive	  design	  of	  ‘kits’	  (Gross	  1996,	  287).	  In	  the	  Lab	  
at	  Home:	  Hardware	  Kits	  for	  a	  Digital	  Design	  Lab,	  Oliver	  et	  al	  document	  a	  learning	  experience	  for	  
their	  engineering	  students	  to	  construct	  equipment	  within	  their	  homes	  (Oliver,	  Haim	  2009,	  47).	  
Within	  this	  practice,	  Oliver	  et	  al	  documented	  that	  the	  “students	  were	  acquiring	  more	  skills,	  in	  
particular	  [more	  advanced]	  design	  skills”	  (Oliver,	  Haim	  2009,	  48).	  
In	  2002,	  Eisenberg	  et	  al	  published	  Computationally	  –	  Enhanced	  Construction	  Kits	  for	  Children:	  
Prototype	  and	  Principles,	  in	  this	  publication	  Eisenberg	  et	  al	  documents	  a	  taxonomy	  of	  construction	  
kits	  (Eisenberg,	  Eisenberg	  et	  al.	  2002,	  80).	  Eisenberg	  et	  al	  present	  that	  construction	  kits	  exist	  within	  
parameters	  or	  materials,	  territories	  and	  specific	  users.	  This	  taxonomy	  of	  construction	  kits	  can	  be	  
applied	  to	  different	  areas	  for	  product	  creation.	  Eisenberg	  et	  al	  continues	  to	  comment	  that	  
constructional	  kits	  have	  relationship	  with	  “neighbouring	  construction	  elements,	  manufacture	  and	  
the	  user”,	  showing	  the	  integrated	  relationship	  that	  manufacturing	  and	  the	  user’s	  assembly	  has	  in	  
original	  design	  of	  the	  kit	  (Eisenberg,	  Eisenberg	  et	  al.	  2002,	  81).	  Resnick	  and	  Silverman	  document	  
their	  opinions	  on	  construction	  kits	  in	  Some	  Reflections	  on	  Designing	  Construction	  Kits	  for	  Kids.	  
Resnick	  and	  Silverman	  found	  that	  users	  are	  not	  always	  helpful	  in	  the	  designing	  kits	  as	  users	  “often	  
ask	  for	  more	  flexibility	  than	  is	  really	  needed	  or	  desirable”	  (Resnick,	  Silverman	  2005,	  120).	  The	  
flexibility	  of	  construction	  kits	  in	  responding	  to	  situational	  needs	  is	  their	  strongest	  benefit.	  The	  other	  
main	  benefit	  of	  ‘kit	  construction’	  is	  the	  unit	  cost	  based	  on	  reduced	  labour	  as	  the	  end	  user	  assembles	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it.	  None	  of	  the	  publications	  documented	  demonstrated	  creating	  the	  user’s	  ideal	  product	  and	  were	  
controlled	  by	  the	  components	  within	  the	  kits	  and	  not	  the	  ‘user’s	  ideal	  or	  desired’	  product.	  
Lego	  has	  already	  embraced	  the	  ‘maker	  movement’	  by	  creating	  Mindstorms	  (www.lego.com/en-­‐
gb/mindstorms),	  which	  provides	  electronic	  capabilities	  to	  Lego	  physical	  objects.	  Technology	  will	  Save	  
Us	  (TWSU)	  (www.technologywillsaveus.org)	  is	  a	  kit	  retailer	  and	  development	  organisation.	  In	  a	  2013	  
press	  release,	  Bethany	  Koby,	  co-­‐founder	  of	  TWSU,	  stated	  that:	  “technology	  plays	  a	  huge	  role	  in	  our	  
lives	  and	  we	  know	  so	  little	  about	  how	  to	  fix	  it,	  how	  to	  make	  things	  with	  it	  and	  how	  to	  be	  creative	  
with	  it”	  (Technology	  Will	  Save	  Us	  2013b).	  TWSU	  envision	  a	  creative	  world	  where	  users	  can	  acquire	  
the	  “skills	  and	  support	  to	  be	  more	  resourceful	  with	  technology	  solving	  their	  own	  problems,	  and	  
invent	  new	  uses,	  becom[ing]	  producer’s	  not	  just	  consumers	  of	  technology”	  (Technology	  Will	  Save	  Us	  
2013b).	  Kit	  developers	  and	  kit	  retailers	  are	  becoming	  more	  prevalent	  daily,	  promoting	  different	  
products	  under	  the	  values	  of	  cheaper	  accessible	  products	  for	  people	  to	  construct	  and	  learn	  with.	  	  
Mellis	  et	  al	  provide	  Case	  Studies	  in	  the	  Personal	  Fabrication	  of	  Electronic	  Products,	  in	  the	  publication	  
MIT	  researchers	  describe	  activities	  where	  kits	  of	  consumer	  electronics	  goods	  (speakers	  and	  radios)	  
are	  designed	  specifically	  for	  users	  to	  adapt	  in	  open	  workshops.	  In	  the	  workshop	  activity,	  Mellis	  et	  al	  
adhered	  to	  the	  following	  design	  guidelines:	  
-­‐ Use	  basic	  structures	  that	  allow	  for	  easy	  modification,	  without	  having	  to	  redesign	  the	  entire	  
construction	  
-­‐ Predetermine	  appropriate	  tolerances	  for	  construction	  
-­‐ Allow	  for	  a	  variation	  in	  materials	  	  
(Mellis	  2011,	  270).	  	  	  
	  
Mellis	  et	  al	  determine	  that	  the	  positive	  effects	  of	  designing	  with	  kits	  are	  “combining	  education	  and	  
production,	  engaging	  diverse	  activities	  and	  the	  relationship	  between	  adaptability	  and	  design	  
capability”	  (Mellis	  2011,	  270).	  The	  negatives	  of	  kit	  constructions	  are	  that	  manufacturers	  rely	  on	  end	  
and	  lay	  users	  to	  correctly	  assemble	  safe,	  repeatable	  constructions	  with	  the	  equipment	  available	  to	  
them.	  Designed	  kits	  offer	  “personalisation,	  transparency	  and	  skills	  transfer”	  (Perner-­‐Wilson,	  
Buechley	  et	  al.	  2011,	  13).	  Kit	  assemblers	  learn	  construction	  and	  repair	  protocols	  for	  products.	  Kits,	  
coupled	  with	  “digital	  fabrication	  gives	  individuals	  access	  to	  the	  design	  of	  the	  kit	  itself	  and	  the	  ability	  
to	  customize	  it”	  (Mellis,	  Buechley	  2012,	  269).	  Previous	  work	  by	  Mellis	  and	  MIT	  has	  invited	  workshop	  
participants	  to	  come	  and	  make	  consumer	  electronic	  products	  including	  audio	  speakers,	  radios	  and	  
computer	  mice	  (Figure	  35	  &	  36)	  (Mellis,	  Buechley	  2012,	  268).	  	  
	  
Figure	  35,	  Radio	  construction	  kit,	  (Mellis	  2013)	  
Figure	  36,	  DIY	  Cellphone	  Kit,	  (Doctorow	  2013)	  	  
Kits	  and	  their	  uptake	  in	  designed	  products	  have	  been	  active	  throughout	  our	  history,	  documented	  in	  
(Figure	  37).	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Figure	  37,	  History	  of	  Kits,	  (Scogin	  2012)	  
Construction	  “kits	  enable	  more	  of	  us	  to	  make	  and	  explore	  technology,	  they	  ultimately	  constrain	  
what	  we	  build	  and	  how	  we	  think”	  (Perner-­‐Wilson,	  Buechley	  et	  al.	  2011,	  18).	  Powell	  presents	  her	  
findings	  and	  the	  stumbling	  blocks	  of	  open	  hardware	  addressing	  “new	  modes	  of	  knowledge	  sharing	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that	  might	  characterise	  and	  open	  design	  process”	  i.e.	  forming	  technology	  into	  accessible	  means	  
(Powell	  2012,	  12).	  Powell	  identifies	  that	  technological	  kits	  have	  stumbling	  blocks	  with	  regard	  to	  
users	  embellishing	  their	  ideas	  as	  they	  require	  the	  knowledge	  to	  do	  so.	  This	  demonstrates	  that	  
prototyping	  and	  making	  directly	  with	  technology	  can	  restrict	  lay	  users’	  ideal	  or	  desired	  artefact.	  
2.29 What	  is	  Intellectual	  Property	  (IP)?	  
The	  term	  copyright	  and	  intellectual	  property	  (IP)	  covers	  the	  ownership	  of	  a	  creation,	  one’s	  voice	  
recording,	  a	  photograph	  someone	  took	  or	  an	  idea	  that	  someone	  thought	  of.	  According	  to	  Lessig,	  “A	  
copyright	  is	  a	  kind	  of	  property”;	  it	  can	  be	  produced,	  sold	  and	  laws	  protect	  against	  its	  theft	  (Lessig	  
2004,	  56).	  Copyright	  includes	  trademarks,	  copyright,	  design	  rights	  and	  patents.	  A	  patent	  “is	  an	  
exclusive	  right	  granted	  for	  an	  invention,	  which	  is	  a	  product	  or	  a	  process	  that	  provides,	  in	  general,	  a	  
new	  way	  of	  doing	  something,	  or	  offers	  a	  new	  technical	  solution	  to	  a	  problem”	  (WIPO	  2013).	  IP	  is	  
used	  to	  protect	  against	  “commercial	  piracy,	  the	  unauthorised	  taking	  of	  other	  people’s	  content	  
within	  a	  commercial	  context”	  (Lessig	  2004,	  55).	  Open	  design	  and	  digital	  fabrication	  may	  “increase	  
the	  number	  of	  innocent	  patent	  infringements,	  on	  a	  patent	  people	  do	  not	  know	  exists”	  (Michael	  
Weinberg	  2010,	  48).	  The	  patent	  infringements	  may	  occur	  as	  the	  quality	  of	  amateur	  tools	  becomes	  
more	  detailed	  for	  copying	  existing	  designs	  in	  the	  public	  domain.	  
2.30 What	  is	  Creative	  Commons?	  
Creative	  Commons	  (CC)	  “helps	  you	  share	  your	  knowledge	  and	  creativity	  with	  the	  world”	  (Creative	  
Commons	  License	  August,	  2012).	  The	  CC	  organisation	  was	  founded	  in	  2001	  in	  the	  USA	  by	  Lawrence	  
Lessig.	  This	  approach	  to	  sharing	  data	  and	  information	  includes	  “public	  domain	  tools,	  and	  supporting	  
technologies	  have	  become	  the	  global	  standard	  for	  sharing	  across	  culture,	  education,	  government,	  
science,	  and	  more”	  (Resink,	  van	  Dijk	  et	  al.	  2011,	  42).	  The	  Creative	  Commons	  License	  breaks	  the	  
process	  down	  into	  three	  digestible	  stages	  for	  the	  user	  to	  understand	  (Figure	  38).	  	  
	  
Figure	  38,	  Creative	  Commons	  licenses,	  (Umeh	  2013)	  
Types	  of	  Creative	  Commons	  licenses:	  
1. Attribution	  CC	  BY,	  lets	  others	  distribute,	  remix,	  tweak	  and	  build	  on	  your	  work,	  even	  
commercially,	  as	  long	  as	  they	  credit	  you	  for	  the	  original	  creation.	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2. Attribution	  –	  ShareAlike	  CC	  BY-­‐SA,	  lets	  others	  remix,	  tweak	  and	  build	  upon	  your	  work	  even	  
for	  commercial	  purposes,	  as	  long	  as	  they	  credit	  you	  and	  license	  the	  new	  creations	  under	  
identical	  terms.	  
3. Attribution-­‐NoDerivs	  CC	  BY-­‐ND,	  allows	  for	  redistribution,	  commercial	  and	  non-­‐commercial,	  
as	  long	  as	  it	  is	  passed	  along	  unchanged	  and	  in	  whole,	  with	  credit	  to	  you.	  
4. Attribution-­‐NonCommercial	  CC	  BY-­‐NC,	  lets	  others	  remix,	  tweak	  and	  build	  upon	  your	  work	  
non-­‐commercially,	  and	  although	  their	  new	  works	  must	  also	  acknowledge	  you	  and	  be	  non-­‐
commercial,	  they	  don’t	  have	  to	  license	  their	  derivative	  works	  on	  the	  same	  terms.	  
5. Attribution-­‐NonCommercial-­‐ShareAlike	  CC	  BY-­‐NC-­‐SA,	  lets	  others	  remix,	  tweak	  and	  build	  
upon	  your	  work	  non-­‐commercially,	  as	  long	  as	  they	  credit	  you	  and	  license	  their	  new	  creations	  
under	  the	  identical	  terms.	  
6. Attribution-­‐NonCommercial-­‐NoDerivs	  CC	  BY-­‐NC-­‐ND,	  allowing	  others	  to	  download	  your	  works	  
and	  share	  them	  with	  others	  as	  long	  as	  they	  credit	  you,	  but	  they	  can’t	  change	  them	  in	  any	  
way	  or	  use	  them	  commercially	  (Creative	  Commons	  2011).	  	  
The	  opening	  of	  information,	  data	  and	  products	  has	  already	  led	  to	  positive	  examples	  such	  as	  Arduino	  
and	  open	  hardware.	  Massimo	  Banzi,	  Arduino’s	  co-­‐founder,	  commented:	  “by	  putting	  the	  Creative	  
Commons	  stamp	  on	  circuit	  designs	  and	  board	  layouts,	  we	  were	  able	  to	  turn	  hardware	  design	  into	  a	  
piece	  of	  culture	  that	  people	  can	  build	  upon”	  (Creative	  Commons	  2011).	  The	  positives	  of	  Creative	  
Commons	  are	  that	  “the	  act	  of	  creation	  becomes	  not	  the	  end,	  but	  the	  beginning	  of	  a	  creative	  process	  
that	  links	  complete	  strangers	  together	  in	  collaboration”	  (Creative	  Commons	  2011).	  The	  negatives	  of	  
CC	  are	  that	  they	  are	  unpatrolled,	  even	  though	  there	  have	  been	  positive	  results	  in	  court	  cases	  
(Creative	  Commons	  2013).	  	  
2.31 Digital	  Fabrication:	  Summary	  	  
Digital	  fabrication	  is	  a	  backbone	  to	  Open	  Design,	  by	  complementing	  it	  and	  offering	  the	  physical	  
production	  of	  ‘things’	  from	  the	  OD	  system.	  It	  is	  a	  tool	  that	  aids	  development	  and	  prototyping	  of	  an	  
artefact.	  Design	  is	  an	  iterative	  process	  requiring	  evolution	  for	  contextual	  scenarios.	  The	  current	  
response	  of	  digital	  fabrication	  is	  to	  produce	  either:	  ‘blobjects’,	  objects	  not	  manufacturable	  through	  
conventional	  means,	  bespoke	  products	  or	  artefacts	  that	  are	  produced	  on-­‐site	  due	  to	  locality	  or	  
resources.	  Whilst	  currently	  there	  are	  limitations	  in	  terms	  of	  materials,	  processes,	  time	  and	  
accessibility	  within	  digital	  fabrication,	  this	  will	  be	  reduced	  over	  time.	  Lipson	  denotes	  that	  “new	  
products	  will	  fail	  shortly	  after	  they	  reach	  the	  market	  mostly	  because	  manufacturers	  failed	  to	  
understand	  what	  users	  needed”	  (Lipson,	  Kurman,	  2012,	  186).	  Within	  the	  literature	  review	  of	  digitally	  
manufactured	  projects,	  the	  examples	  do	  not	  cover	  translation	  tools	  for	  lay	  users	  enabling	  them	  to	  
construct	  their	  own	  goods	  with	  greater	  ease	  or	  develop	  the	  lay	  users	  ‘ideal’	  artefact.	  
Lay	  parties	  cannot	  always	  see	  the	  potential	  of	  technology	  as	  it	  advances,	  so	  providing	  structure	  for	  
users	  to	  respond	  through	  translation	  toolkits	  can	  remove	  design	  knowledge	  barriers.	  Toolkits	  can	  
help	  lay	  users	  discuss	  fears	  and	  derailments	  a	  valid	  means	  for	  future	  products,	  produced	  through	  
digital	  manufacture.	  Parties	  within	  this	  literature	  review	  are	  only	  just	  seeing	  digital	  fabrication	  as	  a	  
new	  approach	  to	  digital	  manufacture	  and	  therefore	  designing	  supporting	  systems.	  Digital	  fabrication	  
has	  the	  capability	  to	  shift	  manufacture	  to	  local	  sources,	  enabling	  communities	  to	  respond	  to	  topical	  
issues	  through	  artefact	  creation.	  Digital	  manufacture	  can	  also	  be	  used	  to	  form	  new	  opportunities	  in	  
either	  bespoke	  development	  responding	  to	  niche	  needs,	  too	  costly	  for	  conventional	  production,	  or	  
in	  global	  locations	  widening	  public	  engagement.	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2.32 Citizen	  Science	  
2.33 Citizen	  Science:	  Overview	  	  
The	  Internet	  has	  aided	  the	  proliferation	  of	  users	  being	  able	  to	  access	  data	  and	  information.	  Citizen	  
Science	  uses	  “non-­‐professional	  volunteers	  to	  gather	  information	  and	  data	  from	  the	  environment	  
around	  them”	  (Irwin	  1995,	  6).	  These	  activities	  can	  be	  enhanced	  by	  subsidiary	  technical	  tools.	  The	  CS	  
section	  does	  not	  include	  smartphone	  or	  online	  platforms	  due	  to	  rationales	  explained	  in	  the	  
literature	  reviews	  introduction.	  The	  section	  covers:	  the	  definition	  of	  CS,	  the	  current	  models	  of	  its	  
practice,	  positive	  and	  negative	  attributions	  of	  the	  CS	  practice	  and	  examples	  of	  CS	  projects	  that	  
include	  Open	  Design	  practices.	  	  
2.34 What	  is	  Citizen	  Science?	  
The	  recording	  of	  seasonal	  events	  has	  been	  a	  pastime	  amongst	  natural	  historians	  in	  Britain	  with	  
records	  going	  back	  to	  the	  1730s.	  Citizen	  Science	  is	  “the	  participation	  of	  non-­‐scientists	  in	  data	  
collection	  for	  scientific	  investigation”	  (Lee,	  Quinn	  et	  al.	  2006,	  8).	  Professional	  monitoring	  is	  “often	  
costly,	  often	  not	  sustained	  over	  time	  and	  can	  be	  difficult	  logistically,	  technically	  and	  analytically”	  but	  
encounters	  fewer	  inaccuracies	  (Danielsen,	  Burgess	  et	  al.	  2005,	  16).	  Citizen	  Science	  provides	  an	  
indispensable	  means	  of	  “combining	  environmental	  research	  with	  education	  and	  wildlife	  recording”	  
(Roy,	  H.E.	  et	  al.	  2012,	  14).	  A	  pertinent	  Citizen	  Science	  example	  is	  children,	  living	  in	  rural	  areas,	  using	  
their	  “bus	  journey	  to	  school	  to	  catalogue	  deer,	  elk	  and	  domestic	  livestock	  sightings”	  (Galloway,	  
Hickey	  et	  al.	  2011,	  202).	  	  Galloway	  et	  als’	  project	  uses	  participants	  ‘unconsumed	  time’	  (on	  a	  bus)	  to	  
catalogue	  species	  proliferation.	  	  
The	  RSPB’s	  (Royal	  Society	  for	  the	  Protection	  of	  Birds)	  ‘Big	  Garden	  Bird	  Watch’	  demonstrates	  that	  
public	  audiences	  are	  willing	  to	  participate	  in	  CS	  activities	  and	  actively	  investigate	  nature,	  with	  over	  
600,000	  documented	  participants	  in	  2011	  (HM	  Government	  2012).	  In	  The	  Natural	  Choice:	  Securing	  
the	  Value	  of	  Nature,	  a	  Defra	  White	  Paper,	  authors	  highlight	  that	  “Government	  and	  society	  need	  to	  
account	  for	  the	  value	  of	  nature,	  particularly	  the	  services	  and	  resources	  it	  provides”	  (HM	  Government	  
2011).	  The	  paper	  also	  stressed	  the	  importance	  of	  forming	  partnerships	  with	  communities,	  to	  
manage	  environment(s).	  The	  scientific	  community	  has	  previously	  been	  reluctant	  to	  accept	  the	  
process	  of	  Citizen	  Science,	  as	  there	  has	  been	  a	  lack	  of	  rigorous	  audit	  to	  “authenticate	  its	  validity”	  
(Delaney,	  Sperling	  et	  al.	  2008).	  Citizen	  Science	  “offers	  a	  range	  of	  opportunities	  to	  suit	  people	  with	  
diverse	  interests	  and	  abilities,	  not	  only	  benefit[ing]	  the	  initiative	  but	  also	  the	  associated	  
communities	  and	  volunteers”	  (Roy,	  H.E.	  et	  al.	  2012,	  5).	  The	  advent	  of	  new	  technologies	  provides	  
opportunities	  to	  engage	  new	  audiences	  with	  Citizen	  Science	  activities.	  	  
2.35 What	  is	  Community	  Monitoring?	  
Community	  monitoring	  can	  involve	  many	  stakeholders,	  such	  as	  interest	  groups,	  site	  specific	  
communities,	  government	  and	  non-­‐government	  organizations	  to	  gather	  data	  “to	  address	  
increasingly	  complex	  and	  emerging	  environmental	  and	  sustainability	  issues”	  (Anonymous	  2012).	  
Citizen	  Science	  has	  also	  shown	  positive	  effects	  in	  “monitoring	  the	  illegal	  wildlife	  trade”	  (Hansen,	  Li	  et	  
al.	  2012,	  283).	  There	  are	  many	  terms	  for	  Citizen	  Science	  but	  the	  interest	  of	  this	  study	  is	  “locally-­‐
based	  monitoring”	  “participatory	  monitoring”	  and	  “community	  based	  monitoring”;	  the	  following	  
thesis	  will	  refer	  to	  community	  monitoring	  as	  Citizen	  Science	  (Danielsen,	  Burgess	  et	  al.	  2005,	  18).	  	  
2.36 What	  is	  the	  Process	  of	  a	  Citizen	  Science	  Project?	  
Citizen	  Science	  projects	  are	  “driven	  by	  a	  research	  question	  or	  monitoring	  agenda	  that	  fits	  within	  the	  
organisation’s	  science	  or	  conservation	  mission”	  (Bonney,	  Cooper	  et	  al.	  2009,	  14).	  Citizen	  Science	  
projects	  have	  a	  conventional	  model	  (Figure	  39),	  ensuring	  that	  outputs	  and	  stakeholder	  needs	  are	  
met.	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1.	  Choose	  a	  scientific	  question	  
2.	  Form	  a	  scientist/educator/technologist/evaluator	  team	  
3.	  Develop,	  test,	  and	  refine	  protocols,	  data	  forms,	  and	  educational	  support	  materials	  
4.	  Recruit	  participants	  
5.	  Train	  participants	  
6.	  Accept,	  edit,	  and	  display	  data	  
7.	  Analyse	  and	  interpret	  data	  
8.	  Disseminate	  results	  
9.	  Measure	  outcomes	  (Bonney,	  Cooper	  et	  al.	  2009,	  18)	  
This	  model	  (Figure	  39)	  has	  been	  created	  by	  academic	  institutions	  leading	  with	  a	  research	  question.	  
Design	  responds	  through	  pertinent	  technologies	  and	  can	  develop	  new	  models	  for	  Citizen	  Science.	  In	  
Democratized	  Science	  Instrumentation	  Waldman,	  highlights	  that	  the	  hacker	  and	  tinker	  movements	  
are	  a	  good	  “incubator”	  for	  Citizen	  Science	  (Waldman	  2012,	  2).	  These	  maker	  movements	  are	  evolving	  
traditional	  Citizen	  Science	  as	  they	  can	  start	  with	  technological	  applications,	  opposed	  to	  traditional	  
scientific	  models.	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Figure	  39,	  Citizen	  Science	  design	  process,	  (UK-­‐EOF	  2013)	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2.37 Citizen	  Science	  models	  
A	  discrete	  discipline	  of	  Citizen	  Science	  is	  community	  monitoring,	  using	  groups	  to	  monitor	  specific	  
data.	  The	  approach	  of	  community	  monitoring	  Citizen	  Science	  can	  encompass:	  
1. Community	  consultancy	  model:	  community	  defines	  the	  problem	  and	  professionals	  complete	  the	  
study.	  	  
2. Community	  workers	  model:	  professionals	  define	  the	  problem	  and	  the	  community	  gathers	  the	  
data.	  
3. Community-­‐based	  model:	  participatory	  research	  model,	  community	  defines	  problem,	  gathers	  
data,	  analyses	  and	  interprets	  the	  data	  (Wilderman	  2007,	  2-­‐8).	  
These	  models	  describe	  the	  initiation	  models	  that	  Citizen	  Science	  currently	  uses	  within	  community	  
monitoring.	  Bottom-­‐up	  or	  community-­‐based	  models	  are	  “often	  born	  out	  of	  crisis”	  from	  a	  particular	  
situation	  and	  are	  the	  most	  relevant	  to	  the	  Bee	  Lab	  Kit	  (Conrad,	  Hilchey	  2011,	  12).	  Within	  the	  
structure	  of	  Citizen	  Science,	  models	  Wilderman	  also	  defines	  design	  rules	  for	  successful	  CS	  studies:	  
-­‐ Gathered	  data	  must	  answer	  the	  questions	  asked	  and	  meet	  the	  objectives	  identified	  
-­‐ Data	  quality	  must	  match	  the	  intended	  end	  use	  
-­‐ Design	  must	  comply	  with	  resource	  constraints	  (money	  and	  labour)	  
-­‐ Design	  must	  include	  an	  action	  plan	  for	  data	  use	  (Wilderman	  2007,	  13).	  
2.38 Citizen	  Science	  Example	  Projects	  
The	  following	  Citizen	  Science	  examples	  do	  not	  include	  Open	  Design	  practices.	  
Community	  Consultancy	  Model:	  Project	  Example	  	  
Elephant	  listening	  project,	  www.birds.cornell.edu/brp/elephant	  
The	  Elephant	  Listening	  Project	  (ELP)	  places	  professionally	  made	  devices	  into	  areas	  of	  elephant	  
population	  to	  interpret	  low-­‐frequency	  communication	  and	  mammal	  movement	  (Cornell	  Laboratory	  
of	  Ornithology	  2014).	  Academically	  funded	  researchers	  have	  responded	  to	  the	  local	  community’s	  
initiation,	  wanting	  to	  preserve	  the	  mammals	  for	  future	  generations.	  The	  Autonomous	  Recording	  
Units	  (ARUs),	  developed	  by	  the	  Bioacoustics	  Research	  Program	  at	  Cornell	  University,	  are	  used	  to	  
continuously	  record	  elephant	  vocalizations	  in	  forested	  areas	  (Cornell	  Laboratory	  of	  Ornithology	  
2014).	  These	  ARUs	  are	  hoisted	  into	  trees,	  to	  protect	  them	  from	  elephant	  damage,	  and	  left	  to	  collect	  
long	  recordings	  of	  elephant	  vocalizations	  as	  well	  as	  gunshots	  and	  the	  sounds	  of	  numerous	  other	  
vocal	  species.	  The	  Elephant	  Listening	  Project	  focuses	  on	  forest	  elephants	  living	  in	  the	  Congo	  Basin	  of	  
Central	  Africa,	  the	  largest	  block	  of	  tropical	  rainforest	  outside	  the	  Amazon.	  The	  project	  has	  ongoing	  
programs	  in	  Gabon,	  Central	  African	  Republic	  and	  Congo.	  
The	  ELP	  project,	  whilst	  being	  tremendously	  successful,	  does	  not	  encourage	  locals	  to	  monitor	  their	  
environment	  as	  the	  units	  are	  large	  and	  deployed	  high	  in	  the	  tree	  tops.	  The	  project	  aligns	  with	  the	  
local	  population	  via	  the	  locality	  of	  the	  information	  it	  is	  gathering	  but	  not	  by	  any	  activity	  that	  the	  local	  
populous	  are	  conducting.	  The	  ELP	  data	  is	  used	  by	  the	  community	  it	  is	  operating	  within;	  they	  have	  
used	  findings	  to	  “pursue	  poachers	  recorded	  during	  the	  ARUs	  deployment”,	  but	  this	  alignment	  was	  
unintentional	  (Cornell	  Laboratory	  of	  Ornithology	  2014).	  The	  barriers	  for	  lay	  users	  are	  that	  the	  ELP	  
equipment	  and	  deployment	  was	  created	  for	  technical	  users	  and	  not	  the	  local	  community,	  as	  this	  was	  
a	  more	  appropriate	  approach.	  
Community	  Workers	  Model:	  Project	  Example	  
Rural	  School	  Bus	  Routes,	  Washington,	  USA	  
Galloway	  et	  al	  document	  an	  experimental	  CS	  project	  initiated	  by	  the	  park	  services	  of	  Washington,	  
USA,	  and	  the	  Central	  Washington	  University	  in	  2011.	  It	  documents	  the	  methods	  of	  children	  living	  in	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rural	  areas	  using	  their	  “bus	  journey	  to	  school	  to	  catalogue	  deer,	  elk	  and	  domestic	  livestock	  sightings”	  
(Galloway,	  Hickey	  et	  al.	  2011,	  202).	  Galloway	  et	  al’s	  project	  uses	  participants’	  ‘unconsumed	  time’	  (on	  
a	  bus)	  to	  catalogue	  species	  proliferation	  in	  the	  passing	  forests.	  	  
Whilst	  this	  activity	  is	  aligned	  with	  an	  existing	  activity	  that	  the	  children	  already	  do,	  it	  is	  integrated	  into	  
idle	  time	  and	  not	  a	  hobby	  or	  activity	  they	  would	  naturally	  pursue	  in	  their	  own	  time.	  The	  project	  
organisers	  created	  tailored	  material	  meeting	  the	  children’s	  visual	  needs	  to	  ensure	  clear	  species	  
identification	  and	  quality	  of	  data.	  The	  project	  still	  relied	  on	  participants	  accurately	  identifying	  the	  
species	  they	  saw.	  The	  participants	  were	  not	  offered	  remuneration	  in	  either	  data	  or	  monetary	  value	  
for	  the	  time	  they	  invested,	  they	  were	  simply	  entertained	  during	  the	  idle	  time	  of	  their	  bus	  journey.	  
Whilst	  children	  preserving	  their	  nearby	  bio-­‐diversity	  aligns	  with	  an	  organisation’s	  need,	  the	  
participants’	  output	  is	  education	  and	  not	  information	  they	  can	  use	  for	  another	  function.	  The	  
education	  of	  the	  individual	  is	  a	  need	  documented	  in	  CS	  activities,	  but	  it	  is	  observed	  that	  the	  interest	  
in	  the	  project	  could	  wain	  if	  species	  sightings	  are	  infrequent,	  demoralising	  young	  participants.	  
Community-­‐Based	  Model:	  Project	  Example	  
Plumpton	  Wildlife	  &	  Habitat	  Group,	  www.plumptonwildlifegroup.yolasite.com	  
In	  2004,	  volunteers	  from	  Plumpton,	  in	  East	  Sussex,	  approached	  Sussex	  Wildlife	  Trust	  
(www.sussexwildlifetrust.org.uk),	  a	  conservation	  charity,	  to	  conduct	  a	  complete	  survey	  of	  fauna,	  
flora	  and	  wildlife	  present	  within	  their	  village	  (Plumpton	  Parish	  Council	  2014).	  The	  project	  was	  
initiated	  by	  the	  village’s	  retired	  occupants.	  The	  CS	  documentation	  of	  the	  fauna	  and	  flora	  was	  
catalogued	  by	  hand	  with	  volunteers’	  field	  notes	  translated	  into	  digital	  form	  using	  Sussex	  Wildlife’s	  
Ordinance	  Survey	  software	  at	  a	  later	  date.	  The	  survey	  has	  been	  conducted	  every	  other	  year	  since	  
2004.	  Participants	  within	  the	  CS	  study	  were	  retired	  and	  happy	  to	  contribute	  as	  they	  had	  idle	  time	  
and	  were	  keen	  to	  protect	  their	  community’s	  surrounding	  environment.	  The	  project	  information	  is	  
now	  being	  sold	  to	  sustain	  the	  monitoring	  activities	  (Plumpton	  Parish	  Council	  2014).	  This	  proactive	  
response	  to	  documenting	  bio-­‐diversity	  without	  remuneration	  is	  very	  rare.	  Within	  the	  study’s	  
documentation	  it	  did	  not	  state	  that	  it	  aligned	  with	  personal	  interests	  or	  hobbies	  that	  the	  participants	  
undertook.	  The	  rarity	  of	  this	  project	  demonstrates	  that	  lay	  users	  unfamiliar	  to	  wildlife	  monitoring	  
are	  willing	  to	  participate	  in	  CS	  activities,	  but	  in	  this	  case	  they	  were	  tied	  to	  the	  participants’	  domicile	  
location.	  It	  is	  observed	  that	  participants	  will	  initiate	  community-­‐based	  CS	  activities,	  if	  the	  tools	  and	  
proclivity	  are	  present.	  The	  barriers	  to	  the	  participant’s	  engagement	  are	  the	  availability	  of	  mapping	  
tools	  and	  the	  technical	  knowledge	  in	  uploading	  lay	  user	  findings.	  
2.39 What	  are	  the	  Motivations	  for	  Citizen	  Science	  Participation?	  
In	  The	  Knowledge	  Gain	  and	  Behavioral	  Change	  in	  Citizen-­‐Science	  Programs	  Jordan	  et	  al	  comment	  
that	  trial	  participants	  claimed	  that	  the	  largest	  motivating	  factor	  for	  Citizen	  Science	  participation	  is	  
“content	  knowledge”	  (Jordan,	  Gray	  et	  al.	  2011,	  1151).	  Content	  knowledge	  is	  the	  education	  that	  
users	  experience	  from	  exploring	  the	  world	  through	  the	  practice	  of	  Citizen	  Science.	  Part	  of	  Citizen	  
Science	  practice	  is	  to	  offer	  training	  opportunities	  where	  volunteers	  can	  increase	  their	  skills,	  expertise	  
and	  ‘content	  knowledge’.	  In	  The	  Rise	  of	  The	  Expert	  Amateur:	  DIY	  Projects,	  Communities,	  and	  
Cultures,	  Kuznetsov	  describes	  the	  main	  motivation	  of	  users	  contributing	  to	  DIY	  projects	  as	  the	  
“learning	  of	  new	  skills	  and	  communal	  sharing”	  (Kuznetsov,	  Paulos	  2010,	  1).	  Kuznetsov	  and	  Jordan	  et	  
al’s	  work	  aligns	  the	  main	  motivating	  factors	  in	  Citizen	  Science	  and	  DIY	  activities	  as	  learning	  new	  
content.	  
In	  November	  2012,	  the	  Centre	  for	  Ecology	  &	  Hydrology	  (Natural	  Environment	  Research	  Council)	  
commissioned	  and	  published	  a	  report,	  Understanding	  Citizen	  Science	  and	  Environmental	  Monitoring	  
(Roy,	  H.E.	  et	  al.	  2012).	  Within	  this	  report,	  Roy	  et	  al	  comment	  that:	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“Volunteers	  are	  motivated	  by	  enjoyment	  of	  participation	  but	  also	  by	  having	  confidence	  in	  the	  
utility	  of	  the	  data.	  Initiatives	  with	  specific	  aims	  for	  underpinning	  policy	  or	  contributing	  to	  
hypothesis-­‐driven	  research	  would	  be	  welcomed	  by,	  at	  least,	  some	  of	  the	  citizen	  science	  
community.	  It	  is	  important	  to	  respect	  the	  diverse	  motivations	  of	  volunteers.	  For	  example,	  not	  all	  
will	  be	  willing	  to	  modify	  their	  existing	  activities	  to	  engage	  with	  policy-­‐relevant	  citizen	  science.	  
Citizen	  science	  should	  be	  innovative	  and	  imaginative	  combining	  the	  collation	  of	  high	  quality	  and	  
useful	  data	  while	  appealing	  to	  the	  volunteer	  community”	  (Roy,	  H.E.	  et	  al.	  2012,	  26).	  
Hieman	  also	  agrees	  with	  the	  importance	  of	  ‘appealing	  CS	  activities	  to	  participants’	  and	  comments	  
that	  “democratize[d]	  science	  should	  not	  fall	  solely	  to	  those	  formally	  trained	  in	  the	  natural	  sciences”	  
(Heiman	  1997a,	  297).	  During	  the	  literature	  review,	  there	  were	  no	  examples	  of	  Citizen	  Science	  where	  
organisers	  or	  initiators	  had	  aligned	  their	  data	  gathering	  activity	  with	  volunteers’	  hobbies	  or	  personal	  
interests.	  The	  projects	  were	  all	  based	  around	  volunteers’	  locality	  and	  the	  importance	  of	  keeping	  
their	  local	  wildlife	  habitat	  diverse,	  monitored	  and	  healthy,	  not	  based	  around	  participants’	  individual	  
agendas.	  
2.40 Benefits	  of	  Citizen	  Science	  
In	  a	  Review	  of	  Citizen	  Science	  and	  Community-­‐Based	  Environmental	  Monitoring:	  Issues	  and	  
Opportunities,	  Conrad	  et	  al	  explore	  the	  positive	  and	  negative	  possibilities	  of	  Citizen	  Science	  (Conrad,	  
Hilchey	  2011,	  274).	  Conrad	  describes	  the	  positives	  of	  Citizen	  Science	  as:	  
-­‐ Public	  Ecology,	  publically	  facing	  the	  environment	  
-­‐ Public	  Education,	  education	  for	  participants	  that	  might	  not	  usually	  engage	  
-­‐ Environmental	  Education,	  the	  cause	  and	  effect	  of	  users’	  behaviours	  from	  what	  they	  are	  
monitoring	  (Conrad,	  Hilchey	  2011,	  274)	  
Conrad’s	  insights	  promote	  learning	  and	  knowledge	  beyond	  conventional	  engagement	  practices	  with	  
positive	  effects.	  Volunteers	  can	  extend	  the	  reach	  of	  Citizen	  Science	  studies	  because	  “the	  cost	  and	  
availability	  of	  experts	  to	  collect	  data	  does	  not	  scale	  readily	  to	  broad	  spatial	  (i.e.	  continent)	  or	  
temporal	  (i.e.	  year-­‐round)	  surveys”	  (Hochachka,	  Fink	  et	  al.	  2012,	  461).	  Citizen	  Science	  can	  provide	  
“environmental	  democracy,	  scientific	  literacy,	  social	  capital,	  citizen	  inclusion	  in	  local	  issues,	  benefits	  
to	  government,	  and	  benefits	  to	  ecosystems	  being	  monitored”	  (Conrad,	  Hilchey	  2011,	  26).	  Including	  
the	  public	  can	  help	  educate	  participants	  because	  community	  monitoring	  “aims	  [to]	  teach	  in	  great	  
depth,	  transforming	  the	  students	  into	  ‘experts’	  about	  the	  topic”	  (Heggen	  2013,	  43).	  
Citizen	  Science	  has	  opened	  up	  areas	  of	  research	  that	  were	  previously	  unfunded:	  the	  “PSIgasm”	  is	  an	  
open	  source	  device	  that	  records	  muscle	  tension,	  moisture,	  heart	  rate	  and	  heat	  to	  measure	  the	  
physiological	  traits	  of	  human	  sexual	  arousal	  (Waldman	  2012,	  26).	  This	  practice’s	  motivation	  is	  
monetary.	  There	  is	  not	  enough	  money	  to	  afford	  the	  employment	  of	  these	  participants	  or	  staff	  so	  
they	  rely	  on	  the	  voluntary	  nature	  of	  participants.	  Danielsen	  comments	  that	  “locally-­‐based	  
monitoring	  at	  much	  less	  cost	  than	  professional	  monitoring,	  and	  hence	  for	  it	  to	  be	  more	  sustainable”,	  
i.e.	  locally	  based	  Citizen	  Science	  is	  more	  sustainable	  in	  cost	  and	  duration	  (Danielsen,	  Burgess	  et	  al.	  
2005,	  18).	  In	  the	  “UK,	  the	  National	  Biodiversity	  Network	  now	  has	  over	  31	  million	  records	  of	  plant	  
and	  animal	  species	  largely	  submitted	  by	  amateur	  naturalists”(Stafford,	  Hart	  et	  al.	  2010).	  Citizen	  
Science,	  “in	  large-­‐scale	  projects	  and	  not	  just	  as	  a	  means	  of	  educating	  the	  public	  or	  monitoring	  the	  
environment”,	  can	  enable	  a	  community	  to	  respond	  to	  a	  problem	  or	  situation	  of	  their	  choosing	  
(Silvertown	  2009,	  467).	  Danielsen	  comments:	  “It	  should	  be	  possible	  for	  locally-­‐based	  monitoring	  to	  
yield	  results	  which	  are	  as	  reliable	  as	  those	  of	  professional	  techniques”	  (Danielsen,	  Burgess	  et	  al.	  
2005,	  18).	  
CS	  Participants	  require	  training	  with	  equipment	  and	  they	  also	  highlighted	  one	  of	  the	  biggest	  
downsides	  to	  ‘Citizen	  Science’:	  the	  quality	  and	  sometimes	  unreliability	  of	  identification	  (Table	  1).	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This	  advent	  of	  “science	  2.0	  is	  not	  new	  as	  it	  has	  been	  practised	  since	  the	  1900s	  but	  the	  wide	  variety	  
of	  data	  that	  can	  be	  gathered	  is”	  (Cohn	  2008,	  21).	  Recommendations	  for	  the	  uptake	  of	  Citizen	  Science	  
are	  “matching	  the	  monitoring	  protocols	  to	  the	  skills	  and	  interests	  of	  the	  volunteer”	  (Conrad,	  Hilchey	  
2011,	  283-­‐284).	  Conrad	  comments	  on	  the	  alignment	  of	  Citizen	  Science	  projects	  and	  to	  the	  skills	  of	  
the	  volunteer.	  But	  Conrad	  does	  not	  highlight	  the	  benefit	  of	  starting	  with	  the	  individuals	  or	  
communities	  and	  building	  Citizen	  Science	  practice	  around	  their	  individual	  interests,	  merely	  aligning	  
them	  with	  top-­‐down	  models.	  
	  
Benefits	   Challenges	  
Increasing	  environmental	  democracy	  (sharing	  of	  
information)	  
Lack	  of	  volunteer	  interest/lack	  of	  networking	  
opportunities	  
Scientific	  literacy	  (broader	  community/public	  education)	   Lack	  of	  funding	  
Social	  capital	  (volunteer	  engagement,	  agency	  connection,	  	  
leadership	  building,	  problem-­‐solving	  and	  identification	  
of	  resources)	  
Inability	  to	  access	  appropriate	  information/expertise	  
Citizen	  inclusion	  in	  local	  issues	   Data	  fragmentation,	  inaccuracy,	  lack	  of	  objectivity	  
Data	  provided	  at	  no	  cost	  to	  government	   Lack	  of	  experimental	  design	  
Ecosystems	  being	  monitored	  that	  otherwise	  would	  not	  be	   Insufficient	  monitoring	  expertise/quality	  assurance	  
and	  quality	  control	  
Government	  desire	  to	  be	  more	  inclusive	  is	  met	   Monitoring	  for	  the	  sake	  of	  monitoring	  
Support/drive	  proactive	  changes	  to	  policy	  and	  legislation	  
Can	  provide	  an	  early	  warning/detection	  system	  
Utility	  of	  CBM	  data	  (for	  decision-­‐making;	  environmental	  
management;	  conservation)	  
Table	  1,	  Benefits	  and	  challenges	  of	  Citizen	  Science	  (Conrad,	  Hilchey	  2011)	  
2.41 Negatives	  of	  Citizen	  Science	  
Whilst	  laboratory	  science	  adheres	  to	  controlled	  conditions,	  during	  field	  activities,	  “scientists	  face	  
numerous	  avenues	  for	  error”	  (Heiman	  1997a,	  292).	  These	  deficiencies	  can	  add	  to	  an	  inability	  to	  link	  
specific	  environmental	  problems	  on	  a	  one-­‐to-­‐one	  basis.	  The	  “biggest	  danger	  of	  using	  technology	  in	  
citizen	  science	  is	  that	  not	  everyone	  is	  able	  or	  willing	  to	  engage”	  (Roy,	  H.E.	  et	  al.	  2012,	  48).	  
Technology	  advances	  so	  quickly	  that	  products	  “can	  become	  redundant	  quickly”	  (Roy,	  H.E.	  et	  al.	  
2012,	  50).	  The	  three	  main	  issues	  facing	  Citizen	  Science	  are:	  “organisational	  including	  volunteer	  
motivation,	  data	  collection	  and	  data	  use”	  (Conrad,	  Hilchey	  2011,	  283-­‐284).	  The	  data	  collection	  
includes:	  inadequacy	  of	  training	  or	  identifying,	  participation	  sample	  size	  and	  the	  possibility	  of	  the	  
wrong	  data	  being	  collected.	  Sensors	  deployed	  in	  the	  field	  can	  fail	  and	  lay	  users	  can	  make	  errors,	  
both	  accidental	  and	  malicious.	  Currently	  there	  are	  no	  processes	  in	  place	  to	  legislate	  against	  the	  
darker,	  unethical	  side	  of	  lay	  users;	  for	  example,	  “reporting	  poor	  air	  quality	  data	  from	  within	  a	  
neighbourhood	  to	  drive	  down	  housing	  prices”	  (Paulos	  2009,	  2).	  The	  other	  ethical	  issue	  facing	  OD/	  CS	  
for	  lay	  users	  is	  when	  to	  be	  totally	  open	  with	  data.	  Data	  inaccuracies	  or	  reinterpretations	  by	  a	  third	  
party	  can	  cause	  panic	  or	  detrimental	  effects	  amongst	  the	  community	  gathering	  the	  information	  
(Mueller,	  Tippins	  2012,	  3).	  One	  challenge	  for	  OD	  and	  CS	  is	  scientific	  institutions	  referring	  to	  
democratized	  science	  instrumentation	  as	  “cute”,	  devaluing	  volunteers	  work	  and	  undermining	  the	  
effort	  (Waldman	  2012,	  4-­‐5).	  
Reciprocity:	  what	  does	  the	  volunteer	  get	  for	  their	  efforts?	  The	  “data	  produced	  needs	  to	  be	  
exchangeable	  and	  individual	  contributions	  recognised”	  (Hemment,	  Ellis	  et	  al.	  2011,	  62).	  Hegeen	  
argues	  that	  the	  biggest	  barrier	  for	  Citizen	  Scientists	  is	  “no	  longer	  the	  technology,	  but	  rather	  
recruiting	  enough	  people	  to	  commit	  their	  time”	  (Heggen	  2013,	  23).	  The	  main	  issues	  with	  community	  
monitoring	  are:	  cost,	  sustainability	  (in	  duration),	  ability	  to	  detect	  true	  trends,	  decision-­‐making	  and	  
action.	  None	  of	  the	  literature	  review	  protagonists	  acknowledged	  the	  positive	  alignment	  of	  
participants’	  existing	  activities	  or	  hobbies	  with	  CS	  opportunities	  providing	  motivation	  for	  all	  parties,	  
turning	  a	  negative	  into	  an	  opportunity. 
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2.42 Open	  Design	  Projects	  within	  Citizen	  Science	  Practice	  
The	  following	  projects	  are	  examples	  of	  Open	  Design	  and	  Citizen	  Science	  used	  in	  collaboration	  
following	  community-­‐based	  models.	  These	  examples	  follow	  this	  sequence:	  community	  defined	  
problem,	  community	  gathers	  data,	  analyses	  and	  interprets	  the	  data	  (Wilderman	  2007,	  2-­‐8).	  	  
Dontflushme	  dontflush.me	  
Creative	  commons	  licence,	  CC	  BY	  (Attribution)	  
The	  more	  open	  nature	  of	  sensors	  and	  design	  is	  encouraging	  people	  to	  interact	  with	  different	  data	  
sets	  and	  a	  more	  widespread	  uptake.	  People	  are	  starting	  to	  become	  more	  intrigued	  by	  the	  
environment	  that	  surrounds	  them	  with	  new	  tools	  and	  processes	  dontflush.me	  (Percifield	  Leif	  16th	  
February	  2012).	  This	  project	  enables	  New	  York	  City	  residents	  to	  monitor	  pollution	  in	  the	  harbour	  
(Figure	  40);	  27	  billion	  gallons	  of	  raw	  sewage	  is	  dumped	  into	  the	  New	  York	  Harbour	  every	  year.	  This	  
comes	  from	  Combined	  Sewer	  Overflows	  (CSOs)	  that	  open	  when	  the	  sewer	  system	  is	  overloaded	  
(Figure	  41).	  The	  concept	  enables	  “residents	  to	  understand	  when	  the	  overflows	  happen	  and	  reduce	  
their	  wastewater	  production	  before	  and	  during	  an	  overflow	  event”	  (Percifield	  Leif	  16th	  February	  
2012).	  
	  
Figure	  40,	  New	  York	  Sewers,	  (Percifield	  Leif	  16th	  February	  2012)	  	  
Figure	  41,	  New	  York	  Sewers,	  (Percifield	  Leif	  16th	  February	  2012)	  
The	  project	  is	  an	  open	  source	  project	  leading	  to	  open	  data	  and	  freedom	  of	  information.	  The	  project	  
uses	  open	  assembly	  (Figure	  42)	  for	  a	  particular	  group	  of	  makers	  to	  create	  sensors;	  they	  are	  open	  
about	  the	  production	  of	  the	  equipment,	  the	  manufacturing	  processes	  and	  bill	  of	  materials	  (Figure	  
43).	  The	  project	  relies	  on	  technical	  expertise	  rather	  than	  aligning	  with	  activities	  that	  participants	  are	  
already	  active	  in;	  it	  is	  a	  public	  engagement	  project	  not	  a	  community	  monitoring	  project.	  
	  
Figure	  42,	  Prototype	  casing,	  (Percifield	  Leif	  16th	  February	  2012)	  
Figure	  43,	  Prototype	  workings,	  (Percifield	  Leif	  16th	  February	  2012)	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The	  project	  does	  not	  state	  how	  it	  is	  funded.	  The	  project’s	  premise	  is	  that	  skilled	  technical	  volunteers	  
construct	  and	  deploy	  the	  open	  source	  devices	  within	  local	  sewers	  and	  data	  is	  fed	  remotely	  to	  their	  
website.	  There	  is	  no	  indication	  that	  lay	  users	  have	  created	  the	  devices,	  even	  though	  technical	  users	  
can	  contribute	  to	  the	  open	  source	  code.	  Lay	  users	  engage	  with	  the	  process	  by	  checking	  the	  data	  
stream	  on	  the	  host’s	  website.	  Lay	  users	  are	  welcomed	  to	  develop	  their	  coding	  skills	  and	  contribute	  
to	  the	  project	  as	  technical	  volunteers	  but	  that	  skill	  development	  is	  not	  addressed	  within	  the	  project.	  
The	  project	  does	  not	  demonstrate	  non-­‐technical	  lay	  users	  engaging	  in	  the	  construction	  of	  
deployable	  devices.	  The	  barrier	  to	  the	  Dontflushme	  project	  is	  the	  requirement	  of	  technical	  
knowledge	  and	  the	  access	  to	  the	  sewers	  that	  technical	  or	  trained	  volunteers	  would	  deploy	  the	  
devices	  within.	  
Open	  Laboratory	  (PLOTS)	  publiclaboratory.org/home	  
Creative	  commons	  licence	  CC	  BY-­‐SA,	  (Attribution-­‐ShareAlike)	  
There	  is	  evidence	  of	  Citizen	  Science	  and	  Open	  Design	  practice	  in	  the	  United	  States.	  The	  Public	  
Laboratory	  of	  Open	  Source	  Science	  or	  (PLOTS)	  is	  a	  community	  that	  develops	  and	  applies	  open-­‐
source	  tools	  (Figure	  44)	  for	  environmental	  exploration	  and	  investigation.	  They	  use	  democratized	  
equipment,	  i.e.	  equipment	  that	  is	  inexpensive	  and	  accessible	  with	  “Do-­‐It-­‐Yourself”	  techniques	  
(Anonymous	  2012).	  PLOTS	  projects	  have	  included:	  aerial	  balloon	  monitoring	  kits	  (Figure	  45),	  thermal	  
photography,	  water	  sensing	  and	  spectrometers.	  The	  devices	  can	  be	  made	  from	  kits	  purchased	  from	  
PLOTS	  or	  assembled	  using	  off-­‐the-­‐shelf	  components.	  These	  projects	  have	  led	  to	  different	  audiences	  
engaging	  in	  the	  Citizen	  Science	  models	  previously	  explained	  (Figure	  46).	  
	  
Figure	  44,	  Balloon	  kit,	  (Anonymous	  2012)	  
Figure	  45,	  Balloon	  setup,	  (Anonymous	  2012)	  	  
Figure	  46,	  Aerial	  image,	  (Anonymous	  2012)	  
Using	  “inexpensive	  DIY	  techniques,	  we	  seek	  to	  change	  how	  people	  see	  the	  world	  in	  environmental,	  
social,	  and	  political	  terms.	  [PLOTS]	  are	  activists,	  educators,	  technologists,	  and	  community	  organizers	  
interested	  in	  new	  ways	  to	  promote	  action,	  intervention,	  and	  awareness	  through	  a	  participatory	  
research	  model”	  (Warren	  Jeffrey	  Yoo	  2012).	  PLOTS	  have	  designed	  inexpensive	  kits	  to	  be	  posted	  or	  
downloaded,	  not	  as	  a	  product	  for	  profit	  but	  as	  artefacts	  covering	  expenses	  for	  sustainable	  activities.	  
Their	  manifesto	  encapsulates	  the	  movement’s	  approach	  that	  any	  product	  must	  be	  low	  cost,	  have	  
data	  legibility,	  ease	  of	  use,	  public	  participation,	  creative	  reuse	  of	  consumer	  tech,	  open	  source	  and	  
user	  modifiable	  (Kera,	  Graham	  2010).	  	  
The	  balloon	  monitoring	  kit,	  the	  simplest	  of	  the	  kits,	  consists	  of	  a	  helium	  balloon	  (unfilled),	  tethering	  
equipment,	  a	  simple	  bag	  to	  waterproof	  a	  digital	  camera	  and	  most	  importantly	  an	  online	  community	  
to	  support	  the	  project	  (Figure	  44).	  The	  camera’s	  images	  are	  then	  stitched	  together	  for	  up-­‐to-­‐date	  
mapping	  applications	  via	  accessible	  software	  plug-­‐ins.	  These	  collective	  experiments	  widen	  
participation,	  rely	  on	  “people	  [being]	  passionate	  about	  data”,	  and	  their	  locality	  of	  investigation	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(Kera,	  Graham	  2010).	  PLOTS	  projects	  rely	  on	  technical	  experts	  for	  tool/device	  design	  so	  lay	  users	  can	  
assemble.	  PLOTS	  have	  an	  open	  approach	  to	  scientific	  tools	  and	  are	  not	  aligned	  with	  lay	  participants	  
existing	  activities.	  The	  PLOTS	  website	  details	  that	  lay	  users	  can	  either	  purchase	  or	  assemble	  their	  
balloon	  mapping	  kit.	  The	  website	  does	  not	  detail	  how	  lay	  users	  can	  contribute	  design	  information	  
back	  to	  the	  site	  or	  the	  wider	  community.	  	  
The	  website	  lists	  legal	  regulations	  on	  aerial	  mapping,	  advising	  participants	  against	  infringements.	  
The	  kit	  relies	  on	  the	  participant’s	  motivation	  to	  explore	  their	  surroundings,	  based	  on	  their	  interest	  in	  
their	  locality.	  The	  kit	  does	  not	  align	  with	  other	  existing	  or	  hobby-­‐based	  activities	  lay	  users	  perform.	  
The	  barriers	  to	  the	  PLOTS	  balloon	  mapping	  kit	  are	  the	  access	  to	  camera	  equipment,	  which	  could	  be	  
sacrificed,	  and	  the	  rationale	  that	  participants	  are	  interested	  in	  their	  locality.	  
Tekla	  Labs	  teklalabs.org	  
Creative	  commons	  licence	  CC	  BY-­‐NC,	  (Attribution-­‐NonCommercial)	  
Tekla	  Labs	  are	  a	  global	  community	  that	  designs	  specific	  laboratory	  equipment	  with	  the	  open	  source	  
community	  in	  mind.	  The	  products	  that	  they	  create	  are	  functional,	  relying	  on	  constructional	  skill.	  
They	  are	  cheaper	  than	  their	  counterparts	  and	  have	  a	  set	  of	  templates	  including:	  a	  bill	  of	  materials,	  
tools	  and	  construction	  methods,	  possible	  adaption	  for	  viability	  in	  a	  professional	  lab.	  The	  products	  
are	  common	  pieces	  of	  technical	  laboratory	  equipment	  for	  users	  who	  want	  to	  access	  parallel	  
equipment	  at	  a	  fraction	  of	  the	  cost	  (Figure	  47).	  The	  equipment	  can	  be	  replicated	  globally	  in	  a	  
controlled	  environment	  through	  instructions.	  The	  traceability	  and	  cataloguing	  of	  instructions	  is	  well	  
executed	  (Figure	  48).	  The	  products	  are	  under	  Creative	  Commons	  licenses	  for	  anyone	  to	  adapt	  and	  
develop.	  These	  tools	  can	  be	  used	  by	  the	  public	  but	  are	  not	  monitoring	  tools;	  Tekla	  labs	  are	  creating	  
an	  accessible	  repository	  of	  laboratory	  equipment	  for	  anyone	  to	  use,	  mainly	  technical	  audiences.	  	  
	  
Figure	  47,	  Magnetic	  stirrer,	  (Nilsson	  L.	  et	  al.	  2012)	  	  
Figure	  48,	  Magnetic	  stirrer	  inner	  workings,	  (Nilsson	  L.	  et	  al.	  2012)	  
The	  intention	  of	  the	  Tekla	  Labs	  project	  is	  to	  “empower	  scientists	  all	  over	  the	  world	  to	  build	  their	  own	  
research	  infrastructure	  [by]	  creating	  free	  and	  interactive	  instructions	  [to]	  build	  standard	  laboratory	  
equipment	  using	  locally	  available	  supplies”	  (Nilsson	  L.	  et	  al.	  2012).	  Even	  though	  the	  laboratory	  
equipment	  could	  be	  constructed	  by	  lay	  users	  through	  their	  detailed	  instructions,	  the	  equipment	  is	  
for	  scientific	  exploration.	  The	  equipment	  produced	  enables	  participants	  to	  conduct	  their	  own	  
experiments,	  not	  monitor	  their	  environment	  under	  this	  thesis’	  definition	  of	  ‘community	  monitoring’.	  
The	  equipment	  does	  not	  align	  with	  individuals’	  needs	  to	  monitor	  or	  gather	  environmental	  data	  for	  
their	  own	  interests;	  it	  enables	  them	  to	  create	  equipment	  to	  conduct	  their	  own	  chemical	  or	  biological	  
experiments.	  The	  barrier	  to	  the	  Tekla	  Labs	  projects	  is	  the	  rationale	  that	  lay	  users	  would	  actually	  use	  
their	  own	  laboratory	  equipment.	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Air	  Quality	  Egg	  airqualityegg.com	  
Creative	  commons	  licence	  CC	  BY-­‐NC,	  (Attribution-­‐NonCommercial)	  
The	  Air	  Quality	  Egg	  (AQE)	  is	  a	  “community-­‐led	  air	  quality	  sensing	  network	  that	  gives	  people	  a	  way	  to	  
participate	  in	  the	  conversation	  about	  air	  quality”	  (Borden	  2013).	  The	  project	  is	  digitally	  fabricated	  
and	  open	  source,	  enabling	  the	  public	  to	  monitor	  for	  nitrogen	  dioxide	  and	  carbon	  monoxide,	  two	  of	  
the	  most	  common	  elements	  in	  air	  pollution	  (Figure	  48).	  Whilst	  AQE	  is	  aware	  that	  they	  cannot	  
compete	  with	  more	  expensive	  monitoring	  equipment,	  they	  are	  trying	  to	  create	  a	  network	  of	  sensors	  
with	  a	  large	  range	  of	  readings.	  The	  AQE	  is	  a	  good	  example	  of	  an	  openly	  designed	  product,	  aimed	  at	  a	  
technical	  user	  (Figure	  49).	  The	  AQE	  provides	  direct	  feedback	  to	  the	  user	  and	  relies	  on	  a	  technical	  
community	  for	  practical	  support.	  	  
	  
Figure	  49,	  Air	  Quality	  Egg	  system,	  (Borden	  2013)	  
Figure	  50,	  Air	  Quality	  Egg,	  (Borden	  2013)	  
The	  AQE	  is	  an	  open	  source	  product	  under	  a	  Creative	  Commons	  license,	  requiring	  coding	  expertise	  to	  
contribute	  design	  input.	  The	  finished	  AQE	  does	  enable	  participants	  to	  become	  part	  of	  the	  
‘conversation	  on	  air	  quality’,	  but	  it	  does	  not	  align	  itself	  with	  participants’	  interests	  outside	  of	  directly	  
identifying	  the	  air	  quality	  in	  their	  AQE’s	  deployed	  position.	  The	  AQE	  has	  an	  open	  system,	  enabling	  
technical	  users	  to	  “unlock	  potential	  datasets	  by	  building	  maps,	  and	  applications”,	  something	  that	  
requires	  technical	  knowledge	  (Borden	  2013).	  The	  barrier	  for	  lay	  users	  to	  the	  AQE	  is	  technical	  
knowledge.	  	  
2.43 Citizen	  Science:	  Summary	  	  
The	  territories	  of	  Citizen	  Science,	  Open	  Design	  and	  digital	  manufacture	  present	  new	  opportunities	  
where	  the	  public	  or	  laypersons	  can	  create	  personal	  sensing	  or	  environmental	  monitoring	  equipment.	  
These	  activities	  rely	  on	  access	  to	  parts	  and	  the	  knowledge	  to	  implement	  them.	  Previous	  examples	  
have	  highlighted	  lead	  users	  creating	  products	  for	  personal	  or	  immediate	  community	  use.	  Technology	  
“and	  the	  capabilities	  to	  create	  products	  will	  become	  more	  accessible	  [but]	  people	  still	  need	  to	  be	  
advised	  on	  their	  applications,	  distilling	  user	  insights	  into	  possible	  concepts”	  (Tynan	  2008).	  Within	  the	  
OD/CS	  examples,	  the	  organisations	  act	  as	  a	  technical	  conduit	  for	  the	  lay	  user,	  providing	  resources	  for	  
them	  to	  implement.	  The	  organisations	  have	  acted	  beyond	  their	  remit	  and	  promoted	  their	  agenda	  to	  
interested	  parties;	  they	  do	  not	  explicitly	  undertake	  territory	  scoping	  exercises	  with	  lay	  users	  wanting	  
to	  explore	  OD/CS	  activities	  for	  participants	  benefit.	  The	  organisations	  are	  using	  lay	  users	  as	  
assemblers,	  not	  ‘designers’,	  as	  they	  are	  technical	  products.	  AQE	  and	  PLOTS	  are	  the	  only	  projects	  that	  
align	  participants’	  interests	  with	  the	  organisation.	  These	  interests	  are	  not	  based	  around	  specific	  
activities	  but	  the	  locality	  in	  which	  they	  are	  conducting	  the	  monitoring.	  Whilst	  both	  of	  these	  projects	  
are	  internationally	  successful,	  people	  engage	  with	  the	  projects	  through	  a	  technical	  lens	  and	  a	  desire	  
for	  ‘content	  knowledge’	  within	  their	  surrounding	  area,	  not	  their	  own	  personal	  interests.	  None	  of	  the	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OD/CS	  examples	  state	  how	  they	  enable	  lay	  users	  to	  be	  included,	  meeting	  their	  own	  needs	  or	  
requirements.	  Only	  the	  AQE	  and	  dontflushme	  projects	  use	  a	  “bottom-­‐up”	  model	  where	  the	  creator	  
is	  guiding	  the	  process	  (Williams	  2010).	  
2.44 Literature	  Review	  Summary	  
The	  accessibility	  of	  technologies	  is	  moving	  manufacture	  and	  design	  towards	  a	  post-­‐professional	  era	  
where	  “boundaries	  between	  amateur	  and	  professional	  are	  indeterminable”	  (Atkinson	  2010)(4).	  The	  
open	  production	  of	  Citizen	  Science	  devices	  can	  extend	  research	  capabilities,	  create	  more	  impact,	  
educate	  the	  public	  and	  extend	  budgets	  of	  topics	  under	  investigation.	  The	  example	  projects	  have	  
relied	  on	  participants’	  ‘content	  knowledge’	  expansion	  to	  maintain	  volunteering	  activities.	  The	  
example	  projects	  do	  not	  build	  CS	  activities	  into	  participants’	  existing	  activities	  or	  hobbies,	  forming	  a	  
reciprocal	  relationship,	  between	  lay	  users	  and	  organisers	  in	  sharing	  data	  contributing	  towards	  higher	  
entities.	  The	  culmination	  of	  Open	  Design,	  digital	  fabrication	  and	  Citizen	  Science	  demonstrate	  that	  
the	  technological	  capabilities	  required	  to	  implement	  the	  territory’s	  relationship	  are	  becoming	  more	  
commonly	  accessible.	  Citizen	  science	  activities	  are	  ordinarily	  initiated	  with	  a	  research	  question.	  
Technological	  advances	  can	  start	  with	  opportunities	  and	  match	  them	  to	  scenarios	  of	  use.	  From	  
reviewing	  the	  literature,	  the	  gap	  in	  knowledge	  is	  two	  fold:	  	  
1)	  Specifically	  designing	  Citizen	  Science	  activities	  that	  align	  with	  existing	  motivated	  participants,	  who	  
would	  also	  gain	  from	  gathering	  activities	  and	  their	  specific	  data.	  Rather	  than	  concluding	  with	  
motivation,	  projects	  should	  initiate	  a	  project	  with:	  how	  you	  motivate	  volunteer	  participation?	  2)	  
Understanding	  tools,	  access	  points	  and	  barriers	  how	  best	  to	  engage	  motivated	  self-­‐selecting	  
participants	  in	  the	  creation	  of	  their	  own	  monitoring	  equipment. The	  PLOTS	  projects	  are	  the	  only	  
example	  of	  a	  kit	  that	  has	  been	  designed	  specifically	  for	  the	  lay	  user	  to	  engage	  with	  and	  create	  for	  
Citizen	  Science	  activities.	  The	  rest	  of	  the	  examples	  are	  ‘open’	  projects	  but	  require	  a	  large	  degree	  of	  
technical	  competence	  to	  engage	  with,	  construct	  and	  troubleshoot	  problems.	  Citizen	  Science	  
initiators	  are	  not	  currently	  aligning	  the	  possibility	  of	  lay	  users	  creating	  technologies	  that	  have	  dual	  
functionality,	  meeting	  the	  needs	  of	  the	  end	  user	  constructing	  and	  deploying	  the	  device	  whilst	  also	  
meeting	  the	  needs	  of	  the	  overarching	  organisation	  that	  is	  interested	  in	  the	  global	  data	  that	  the	  
individual	  is	  accruing.	   
The	  Open	  Design	  tools	  reviewed	  demonstrated	  three	  different	  paths:	  1)	  open	  ‘assembly’	  by	  the	  lay	  
user,	  not	  included	  in	  the	  ‘design’	  or	  constructional	  choices	  of	  the	  artefact;	  2)	  Open	  Design	  projects’	  
initiation	  with	  material	  and	  functional	  constraints	  of	  manufacturing	  process	  predefining	  lay	  users	  
choices	  governing	  outputs;	  3)	  Open	  Design	  is	  used	  as	  a	  distribution	  model,	  enabling	  users	  in	  wide	  
localities	  to	  construct	  their	  own	  artefact.	  The	  example	  Open	  Design	  tools	  do	  not	  interpret	  lay	  users	  
desired	  outcomes	  into	  tangible	  outputs	  that	  can	  be	  explored	  by	  themselves	  or	  technical	  parties.	  The	  
production	  of	  manufactured	  goods	  is	  no	  longer	  purely	  a	  professional	  activity.	  The	  professional	  
activity	  is	  the	  technical	  knowledge	  to	  implement	  activities	  or	  artefacts,	  and	  the	  provision	  of	  
translation	  tools	  or	  processes	  that	  engage	  lay	  users	  who	  are	  experts	  on	  their	  pastime	  or	  community	  
based	  activity.	  
Knowledge	  Gap	  
Open	  Design	  is	  conventionally	  initiated	  by	  informed	  parties	  or	  design	  agents.	  The	  knowledge	  gap	  
comprehends	  the	  design	  perspective	  from	  lay	  users	  and	  the	  bottom	  up,	  through	  their	  eyes	  rather	  
than	  being	  constrained	  by	  the	  tools	  that	  people	  offer	  them.	  Conventionally,	  Open	  Design	  projects	  
are	  constrained	  in	  order	  to	  be	  more	  accessible	  to	  all.	  The	  knowledge	  gap	  is	  how	  design	  agents	  work	  
with	  end	  users	  to	  first	  understand	  the	  parameters	  that	  can	  evolve	  over	  time	  and	  are	  not	  governed	  
merely	  by	  digital	  fabrication	  tools.	  The	  knowledge	  gap	  for	  Citizen	  Science	  is	  being	  instrumental	  in	  
creating	  a	  Citizen	  Science	  process	  that	  is	  governed	  by	  the	  individual	  and	  not	  just	  a	  vehicle	  of	  others’	  
plans	  or	  agendas.	  Past	  projects	  within	  the	  literature	  review	  have	  not	  aligned	  the	  motivations	  of	  the	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project,	  the	  stakeholders	  and	  the	  end	  users.	  Previous	  projects	  include	  stakeholder	  and	  end	  users	  in	  
the	  process	  but	  they	  do	  not	  consider	  them	  to	  be	  the	  sole	  beneficiaries	  for	  participation,	  they	  are	  
tools	  to	  capture	  others’	  agendas.	  The	  conventional	  CS	  model	  starts	  with	  a	  research	  question	  and	  
does	  not	  start	  with	  its	  alignment	  to	  the	  end	  users	  who	  will	  be	  implementing	  the	  project.	  Packaging	  
the	  motivational	  chain	  of	  the	  individual	  with	  the	  wider	  community	  and	  the	  stakeholders	  starts	  with	  a	  
need	  and	  provides	  the	  motivation	  to	  participate.	  The	  main	  knowledge	  gap	  is	  the	  collaboration	  of	  
Open	  Design	  and	  Citizen	  Science	  that	  empowers	  a	  community	  to	  collect	  data	  based	  around	  their	  
primary	  interests	  opposed	  to	  being	  tools	  for	  other	  parties,	  creating	  a	  more	  integrated	  project	  with	  
participants	  that	  are	  motivated	  to	  participate.	  The	  gap	  is	  creating	  a	  project	  that	  starts	  with	  a	  lay	  user	  
group	  and	  providing	  the	  tools	  for	  their	  empowerment.	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Chapter	  3	  Methodology	  and	  Techniques	  
3.1 Methodology	  Introduction	  
In	  order	  to	  investigate	  the	  research	  question,	  the	  author	  chose	  to	  focus	  on	  a	  single,	  specifically	  
motivated	  interest	  group	  that	  he	  hypothesised	  would	  benefit	  from	  participation	  in	  a	  grassroots	  
Citizen	  Science	  project.	  Non-­‐professional	  amateur	  beekeepers	  have	  been	  chosen	  as	  the	  specific	  
motivated	  interest	  group	  as	  they	  have	  an	  interest	  in	  collaborative	  information	  pertinent	  to	  a	  Citizen	  
Science	  project	  (Roy,	  H.E.	  et	  al.	  2012),	  notably	  environmental	  data	  and	  data	  specific	  to	  hive	  health	  
and	  therefore	  crop	  pollination	  (Breeze,	  Bailey	  et	  al.	  2011).	  The	  main	  research	  question:	  
By	  what	  means	  would	  a	  specific	  motivated	  interest	  group	  be	  enabled	  to	  engage	  in	  grassroots	  Citizen	  
Science	  projects,	  specifically	  to	  make	  their	  own	  data	  gathering	  equipment	  in	  order	  to	  participate	  in	  
the	  collection	  of	  data?	  
The	  research	  question	  has	  been	  divided	  into	  the	  following	  sub	  questions,	  highlighted	  in	  the	  visual	  
plan	  (Figure	  51)	  showing	  the	  thesis	  structure	  and	  the	  study’s	  interrelationship,	  informing	  stages,	  
outcomes	  and	  directions.	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Figure	  51,	  Visual	  plan	  of	  thesis	  
The	  authors	  approach,	  as	  a	  designer,	  is	  interested	  in	  exploring	  the	  needs	  and	  requirements	  of	  the	  
specific	  demographic	  he	  is	  designing	  for.	  The	  author	  is	  interested	  in	  problems	  that	  can	  impact	  on	  
wider	  audiences	  that	  have	  been	  previously	  unconsidered.	  He	  is	  fascinated	  that	  Open	  Design	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activities	  embracing	  individuals’	  concerns	  can	  be	  addressed	  by	  a	  wider	  community	  through	  data	  
gathering	  for	  Citizen	  Science.	  The	  author	  was	  not	  sure	  how	  the	  amateur	  lay	  users	  would	  respond	  to	  
design	  material	  as	  all	  of	  the	  participants	  self-­‐selected	  to	  be	  involved	  in	  each	  design	  study;	  the	  entire	  
approach	  was	  based	  around	  the	  participants	  donating	  their	  time	  as	  they	  were	  also	  motivated	  by	  the	  
design	  outcomes	  and	  possible	  solutions	  created	  through	  each	  design	  study.	  It	  was	  important	  to	  test	  
the	  design	  studies	  outside	  of	  laboratory	  conditions,	  as	  they	  were	  non-­‐professional	  users	  that	  could	  
identify	  tangential	  real	  world	  findings	  that	  would	  set	  the	  results	  on	  a	  different	  trajectory.	  
The	  following	  chapter	  identifies	  methodologies	  for	  the	  involvement	  of	  users	  in	  the	  process	  of	  design	  
and	  recognises	  design	  methodologies	  notorious	  to	  engage	  lay	  users	  and	  amateurs	  that	  have	  been	  
used	  within	  the	  design	  studies.	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Figure	  52,	  Methodology	  techniques	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3.2 Users	  as	  Designers	  
User-­‐centred	  design	  is	  the	  involvement	  of	  users	  in	  the	  design	  process	  providing	  “interaction	  
between	  designers	  and	  users”	  (Newell,	  G	  et	  al.	  2011).	  Conventional	  interventions	  of	  users	  within	  the	  
design	  process	  has	  been	  at	  the	  “prototyping	  or	  testing	  stage”,	  gaining	  an	  understanding	  of	  how	  the	  
proposed	  design	  is	  received	  (Kanis	  1998,	  76).	  Design	  parameters	  and	  “conditions	  facing	  would-­‐be	  
innovators	  are	  changing	  rapidly	  and	  radically”	  opening	  processes	  of	  design	  to	  non-­‐professional	  users	  
(Baldwin,	  von	  Hippel	  et	  al.	  2009).	  These	  models	  of	  ‘users	  as	  designers’	  have	  been	  categorised	  into:	  
-­‐ A	  single-­‐user	  innovator	  (single	  firm	  or	  individual	  creates	  an	  innovation)	  
-­‐ A	  producer	  innovator	  (creating	  designs	  to	  sell)	  
-­‐ An	  open	  collaborative	  innovation	  project	  (open	  process	  including	  producers,	  users	  and	  
innovators)	  (Baldwin,	  von	  Hippel	  et	  al.	  2009).	  
The	  combination	  of	  Open	  Design	  and	  accessibility	  to	  manufacturing	  has	  evolved	  the	  role	  of	  the	  user	  
in	  the	  design	  process	  “as	  active	  consumers	  and	  not	  design	  victims”	  (Pacey	  1992,	  217).	  No	  longer	  are	  
users	  just	  a	  consultant	  or	  tester,	  but	  they	  can	  be	  an	  active	  participant	  in	  the	  process.	  The	  new	  
element	  is	  the	  ability	  to	  create	  a	  concept	  from	  scratch,	  or	  a	  process	  within	  a	  system	  that	  has	  
parameters,	  removing	  possible	  negative	  outcomes	  for	  the	  user.	  The	  design	  challenge	  becomes	  one	  
of	  guiding	  the	  user	  through	  a	  series	  of	  processes	  to	  create	  products	  that	  are	  optimising	  the	  material	  
processes.	  A	  designer	  also	  needs	  to	  recognise	  people’s	  needs,	  which	  can	  be	  latent	  and	  unknown	  to	  
the	  user.	  Developing	  “innovations	  that	  match	  users’	  needs	  or	  wishes	  is	  especially	  (but	  not	  
exclusively)	  problematic	  in	  high-­‐tech	  industry”	  as	  outcomes	  can	  push	  a	  product	  that	  is	  not	  needed	  or	  
cannot	  be	  used	  (Steen	  2008,	  23).	  Steen	  believes	  that	  human-­‐centred	  design	  is	  “not	  a	  tool	  for	  
studying,	  but	  a	  tool	  for	  controlling	  and	  getting	  a	  grip	  on	  product	  development”	  (Steen	  2008,	  24).	  To	  
produce	  “satisfactory	  products	  the	  customer	  driven	  product	  development	  process	  helps	  them	  to	  
clarify	  needs	  and	  objectives”	  (Liu,	  Ramirez-­‐Serrano	  et	  al.	  2011)(4).	  It	  remains	  untested	  “how	  citizen	  
involvement	  as	  a	  general	  strategy	  can	  improve	  decision	  making”	  (Yang,	  Pandey	  2011,	  6).	  	  
The	  process	  of	  ‘designers-­‐as-­‐users’	  also	  brings	  “design	  fallacy”,	  as	  how	  much	  information	  do	  the	  
producers	  need	  from	  the	  user	  to	  create	  their	  product	  (Ross	  2011,	  252)?	  Product	  producers	  often	  
know	  more	  about	  their	  respective	  audiences	  but	  more	  can	  be	  explored	  “through	  [carefully	  designed]	  
workshops	  with	  users”	  (Ross	  2011,	  253).	  The	  process	  of	  including	  users	  in	  the	  process	  of	  design	  can	  
be	  problematic,	  as	  users	  may	  not	  be	  able	  to	  “communicate	  their	  thoughts”	  (Newell,	  Gregor	  et	  al.	  
2011,	  83).	  The	  ‘users	  as	  designer	  approach’	  highlights	  the	  need	  for	  tools	  and	  translation	  techniques	  
to	  aid	  users	  in	  visualising	  their	  thinking.	  
3.3 What	  is	  Co-­‐Design?	  
Design	  is	  no	  longer	  seen	  as	  a	  linear	  process	  of	  make	  and	  sell;	  designers	  are	  becoming	  a	  lot	  more	  
aware	  of	  people’s	  experience	  with	  a	  product.	  The	  evolution	  has	  been	  a	  “maturing	  confidence	  in	  
human-­‐centred	  design”	  (Suri	  2003,	  40).	  Previously,	  design	  research	  had	  to	  make	  “insider	  tools”	  that	  
enabled	  designers	  to	  view	  the	  world	  through	  the	  participants’	  eyes;	  whilst	  this	  is	  still	  relevant,	  it	  is	  
easier	  to	  include	  users	  in	  the	  process	  of	  design	  (Suri	  2003,	  42).	  Empathetic	  or	  co-­‐design	  is	  a	  process	  
of	  “getting	  people	  personally,	  emotionally	  engaged	  so	  they	  can	  reflect	  on	  a	  process	  they	  are	  
designing	  for”	  (Vaajakallio,	  Mattelmäki	  2007,	  12).	  Co-­‐design	  helps	  designers	  gather	  “information	  
about	  the	  contexts	  of	  people’s	  interactions	  with	  products”	  to	  understand	  how	  these	  could	  be	  
adapted	  or	  made	  easier	  (Vaajakallio,	  Mattelmäki	  2007,	  16).	  The	  practise	  of	  co-­‐design	  is	  often	  built	  
around	  “tools	  that	  create	  have	  a	  fluency”	  and	  engagement	  (Stappers	  2006,	  4).	  Whilst	  very	  “few	  high	  
street	  designers	  will	  have	  the	  time	  to	  engage	  in	  these	  sorts	  of	  activities”,	  they	  are	  important	  for	  
getting	  a	  wider	  perspective	  from,	  or	  with,	  the	  intended	  audience	  (Lee	  2008,	  18).	  Co-­‐design	  is	  a	  
means	  to	  understand	  people’s	  “behaviours	  and	  perceptions”	  by	  placing	  them	  at	  the	  centre	  of	  the	  
design	  process	  (Suri	  2003,	  41).	  The	  process	  of	  co-­‐design	  can	  “be	  creative	  for	  all	  stakeholders	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involved”	  if	  there	  is	  more	  professional	  designer	  involvement	  (Lee	  2008,	  8).	  Co-­‐design	  implies	  that	  
customers	  can	  act	  as	  idea	  creators	  but	  also	  be	  involved	  as	  “detectors	  of	  value-­‐in-­‐context”	  (Witell,	  
Kristensson	  et	  al.	  2011,	  9).	  	  
3.4 What	  is	  Participatory	  Design?	  
Traditionally,	  participatory	  design	  has	  involved	  users	  in	  “evaluative	  research:	  testing	  existing	  
products	  or	  prototypes	  of	  developed	  concepts”	  (Vaajakallio,	  Mattelmäki	  2007,	  12).	  Participatory	  
design	  is	  different	  to	  co-­‐design	  as	  it	  has	  more	  “open-­‐ended	  outputs	  to	  look	  for	  [design]	  
opportunities”	  (Björgvinsson	  2008,	  15).	  The	  often	  non-­‐linear	  process	  of	  participatory	  design	  involves	  
the	  client,	  the	  user,	  the	  designer	  and	  alternate	  stakeholders	  (Murphy,	  Hands	  2012,	  16).	  The	  process	  
of	  participatory	  design	  explores	  users’	  either	  “existing	  or	  possible	  contexts	  of	  use,	  aiding	  the	  design	  
team	  to	  have	  a	  more	  empathetic	  approach”	  (Björgvinsson	  2008,	  16).	  The	  practice	  of	  participatory	  
design	  can	  often	  create	  a	  “rich	  setting”	  to	  discuss	  and	  work	  within	  (Björgvinsson	  2008,	  18).	  The	  
participatory	  design	  process	  should	  take	  the	  participant	  through	  “small	  steps”	  of	  a	  process,	  without	  
overwhelming	  them	  (Vaajakallio,	  Mattelmäki	  2007,	  12).	  The	  process	  of	  including	  users	  in	  design	  
processes	  should	  include	  “looking	  at	  people	  in	  context,	  actively	  involving	  [them	  to]	  try	  things”	  (Suri	  
2003,	  43).	  	  
3.5 Problems	  with	  Participatory	  Design	  
Including	  people	  in	  the	  process	  of	  designing	  is	  difficult,	  as	  they	  are	  often	  not	  designers	  and	  therefore	  
do	  not	  understand	  processes	  or	  latent	  needs.	  Two	  of	  the	  main	  problems	  are	  participants	  exploring	  
initial	  ideas	  and	  getting	  people	  to	  create	  ideas	  when	  they	  feel	  they	  have	  insufficient	  knowledge	  
(Westerlund,	  Sanders	  2011,	  16).	  Users	  can	  also	  feel	  that	  they	  are	  not	  creative	  so	  find	  it	  hard	  to	  be	  
involved	  in	  the	  entire	  process;	  tools	  directing	  participants’	  thinking	  includes	  the	  user	  in	  the	  
participatory	  design	  process	  (Westerlund,	  Sanders	  2011,	  16).	  Participatory	  design	  often	  relies	  on	  
building	  the	  brief	  or	  the	  framework	  together,	  meaning	  a	  vague	  or	  broad	  brief	  can	  present	  the	  
participants	  with	  fear	  (Denton,	  McDonagh	  2005,	  24).	  
3.6 Positives	  with	  Participatory	  Design	  
The	  process	  of	  co-­‐design	  is	  used	  in	  many	  positive	  design	  consultancies	  to	  “give	  a	  better	  
understanding	  of	  user	  need”	  (Denton,	  McDonagh	  2005,	  24).	  Due	  to	  the	  shift	  in	  client	  /	  designer	  
relationship,	  the	  problems	  are	  being	  seen	  by	  either	  parties	  but	  also	  possible	  opportunities	  for	  new	  
work	  or	  marketplace.	  “A	  decision	  making	  framework	  (DMF)	  intends	  to	  provide	  designers	  with	  an	  
aide	  memoir	  when	  developing	  products”,	  meaning	  that	  you	  can	  direct	  the	  user	  through	  set	  stages,	  
enabling	  them	  to	  still	  be	  in	  control	  (Figure	  53)	  (Cruickshank,	  Evans	  2009,	  12).	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Figure	  53,	  Co	  Design	  decision-­‐making	  framework,	  (Cruickshank,	  Evans	  2009)	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The	  following	  methodologies	  have	  been	  specifically	  selected	  to	  answer	  each	  sub	  question.	  They	  
identify	  the	  methodology	  and	  why	  they	  are	  appropriate	  to	  answer	  the	  specific	  sub	  questions.	  
3.7 Methodologies	  Implemented	  within	  the	  Design	  Studies	  
The	  following	  methodological	  techniques	  are	  introduced,	  defined	  and	  then	  concluded	  with	  their	  
relevance	  in	  answering	  the	  sub	  research	  questions	  documented	  in	  (Figure	  51).	  
3.8 What	  is	  a	  Cultural	  Probe?	  
A	  cultural	  probe	  or	  design	  probe	  is	  a	  research	  tool	  “completed	  by	  a	  participant	  in	  their	  own	  
environment	  in	  isolation	  from	  the	  researcher”	  (Gaffney	  Gerry	  2012,	  13).	  Probes	  are	  “objects,	  
physical	  packets	  containing	  open-­‐ended,	  provocative	  and	  oblique	  tasks	  to	  support	  early	  participant	  
engagement	  within	  the	  design	  processes”	  including	  photographs,	  maps	  or	  diaries	  (Boehner,	  Vertesi	  
et	  al.	  2007).	  Design	  probes	  were	  selected	  as	  a	  research	  methodology	  over	  interview	  practices:	  
“interviews	  are	  best	  conducted	  in	  person	  so	  nuances	  are	  recognised	  in	  conversation”	  (Hanington,	  
Martin	  2012,	  102).	  Interviews	  require	  an	  abundance	  of	  resources	  and	  still	  require	  resource	  creation	  
to	  engage	  participants.	  Probes	  can	  be	  posted	  to	  participants’	  locations,	  therefore	  covering	  a	  large	  
and	  wide	  sample	  area,	  which	  would	  otherwise	  prove	  costly	  to	  individually	  interview.	  Design	  probes	  
use	  visual	  mechanisms	  that	  can	  reveal	  richer	  findings	  and	  insights	  from	  their	  users.	  It	  has	  been	  
proven	  that	  design	  probes	  offer	  rich	  material	  and	  insights	  to	  design	  from,	  when	  contextual	  user	  
information	  is	  important	  to	  the	  objective	  of	  a	  study	  (Hanington,	  Martin	  2012,	  100).	  	  
Probes	  are	  designed	  for	  a	  site	  or	  environment-­‐specific	  investigation,	  ranging	  from	  photography	  to	  
physical	  products	  (Mattelmäki	  2006),	  providing	  a	  different	  perspective	  and	  or	  provide	  richer	  
findings.	  Probes	  enable	  users	  to	  construct	  a	  story	  from	  their	  point	  of	  view,	  building	  on	  
Frankenberger	  et	  al’s	  theories	  of	  bringing	  “a	  narrative	  element	  into	  designing”	  (Frankenberger,	  E.	  et	  
al.	  1998,	  117).	  Drawing	  inspiration	  from	  these	  literary	  examples,	  the	  most	  important	  elements	  
carried	  forward	  were:	  encouraging	  the	  unexpected,	  considering	  the	  contextual	  needs	  of	  the	  target	  
users	  and	  using	  the	  most	  appropriate	  method	  for	  users	  to	  document	  their	  findings,	  letting	  them	  
show	  the	  researchers	  their	  world.	  	  
3.9 Why	  Cultural	  Probes	  are	  an	  Appropriate	  Methodology	  to	  Answer:	  	  
Do	  non-­‐professional	  beekeepers	  currently	  make	  and	  what	  are	  those	  artefacts?	  
It	  was	  important	  that	  participating	  users	  self-­‐selected	  to	  participate	  in	  the	  study	  as	  making,	  OD	  and	  
CS	  activities	  require	  motivation	  and	  time.	  These	  activities	  are	  also	  not	  relevant	  to	  all	  parties,	  so	  the	  
research	  needed	  to	  be	  focused.	  Cultural	  probes	  enabled	  participation	  from	  wide	  geographical	  
locations,	  because	  they	  can	  be	  posted	  for	  completion	  in	  the	  participant’s	  home.	  The	  participants	  
were	  lay	  users,	  unfamiliar	  with	  design	  terminology;	  cultural	  probes	  use	  visual	  mechanisms	  to	  gather	  
contextual	  information	  regardless	  of	  a	  user’s	  skill.	  The	  author	  wanted	  to	  encourage	  divergent	  
thinking,	  from	  the	  study’s	  participants,	  discovering	  material	  beyond	  his	  comprehension	  of	  what	  
artefacts	  that	  user	  group	  might	  construct.	  Online	  questionnaire	  methodologies	  were	  disregarded	  as	  
the	  study	  did	  not	  want	  to	  confine	  participants’	  “thinking”	  to	  activities	  surrounding	  their	  computers	  
and	  was	  not	  interested	  in	  large	  quantitative	  data	  (Hanington,	  Martin	  2012,	  140).	  
3.10 What	  is	  Ethnography?	  	  
Ethnography	  explores	  the	  dichotomy	  between	  “what	  people	  say	  they	  do	  and	  what	  they	  actually	  do”	  
(Hammersley	  1990,	  2).	  Where	  necessary,	  researchers	  “go	  native”,	  viewing	  the	  world	  through	  the	  
eyes	  of	  those	  they	  are	  studying	  (Forsythe	  1999,	  12).	  Ethnography	  can	  be	  used	  within	  the	  design	  
process	  to	  provide	  observers	  with	  products’	  “context	  of	  use”,	  presenting	  design	  opportunities	  for	  
future	  directions	  (Kensing,	  Blomberg	  1998,	  8).	  When	  “ethnography	  is	  applied	  to	  design,	  it	  helps	  
designers	  create	  more	  compelling	  solutions”	  based	  on	  real	  world	  insights	  (Aiga	  2013,	  2).	  Participant	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observation,	  ethnography	  and	  fieldwork	  are	  synonymous	  to	  “spending	  long	  periods	  watching	  
people,	  talking	  to	  them	  about	  what	  they	  are	  doing,	  thinking	  and	  saying,	  designed	  to	  understand	  
their	  world”	  (Delamont	  2004,	  206).	  	  
There	  are	  many	  ethnographic	  tools	  within	  design	  research,	  including:	  participant	  observation,	  
experience	  sampling,	  touchstone	  tours,	  diary	  studies,	  contextual	  inquiry,	  artefact	  analysis,	  personal	  
inventories,	  shadowing,	  narration	  and	  unobtrusive	  measures	  (Hanington,	  Martin	  2012,	  84).	  These	  
tools	  help	  researchers	  witness	  first	  hand	  focused	  interaction	  touch	  points	  that	  users	  or	  
environments	  engage	  with.	  Ethnography	  tools	  are	  more	  concentrated	  than	  open-­‐ended	  
‘ethnography’	  as	  they	  build	  a	  situation	  for	  the	  observer	  and	  the	  observed	  to	  review	  material	  
forensically	  and	  holistically.	  Ethnography	  “is	  a	  very	  effective	  method	  for	  making	  sense	  of	  the	  
complexities	  of	  people	  and	  cultures”	  as	  real	  world	  situations	  have	  more	  complex	  factors	  than	  first	  
considered	  (Milton,	  A	  et	  al.	  2013,	  21).	  In	  ‘Observing	  the	  User	  Experience:	  a	  Practitioner’s	  Guide	  to	  
User	  Research’,	  Kuniavsky	  describes	  ethnographic	  design	  tools	  as	  “finding	  the	  boundaries	  of	  people’s	  
needs	  and	  abilities”,	  providing	  a	  framework	  for	  observing	  design	  insights	  (Kuniavsky	  2003,	  8).	  	  
Designers	  “are	  interested	  in	  understanding	  human	  behaviour	  in	  so	  far	  as	  it	  enables	  them	  to	  design	  
artefacts	  better	  suited	  to	  the	  needs	  of	  the	  users”	  (Blomberg,	  Giacomi	  et	  al.	  1993,	  124).	  Design	  
probes	  and	  questionnaires	  enable	  designers	  to	  understand	  human	  behaviour	  but	  not	  to	  question	  it	  
with	  the	  same	  first	  hand	  depth	  that	  ethnography	  provides.	  If	  a	  user’s	  insight	  is	  on	  the	  peripheries	  of	  
a	  probe	  study	  then	  it	  might	  be	  missed	  or	  dismissed	  by	  both	  parties.	  Ethnography	  “is	  a	  very	  powerful	  
method	  and	  one	  a	  designer	  should	  not	  dismiss	  lightly”	  (Milton,	  A	  et	  al.	  2013,	  22).	  	  
Ethnography	  practice	  gives	  the	  most	  ‘entire’	  viewpoint	  and	  perspective	  of	  the	  users’	  life,	  context	  
and	  environment.	  Design	  ethnographic	  tools	  help	  comprehend	  ‘design	  territories’	  and	  the	  complex	  
elements	  within	  them.	  The	  inherent	  complexity	  and	  intended	  application	  of	  design	  makes	  it	  hard	  to	  
model	  a	  methodology	  for	  a	  lay	  user	  to	  explore	  territories	  on	  their	  own,	  which	  is	  as	  comprehensive	  as	  
a	  researcher	  implementing	  design	  ethnographic	  tools.	  
In	  What’s	  Wrong	  with	  Ethnography?	  The	  Myth	  of	  Theoretical	  Description,	  Hammersley	  defines	  three	  
theories	  to	  validate	  ethnographic	  research,	  these	  are	  as	  follows:	  
1. The	  structured	  character	  of	  the	  data	  collection	  process	  involves	  the	  imposition	  of	  the	  
researcher’s	  assumptions.	  
2. Making	  claims	  about	  what	  happens	  in	  a	  ‘natural’	  setting	  on	  the	  basis	  of	  data	  produced	  in	  
settings	  that	  have	  been	  specially	  setup	  by	  the	  researcher.	  
3. To	  rely	  on	  what	  people	  say	  about	  what	  they	  believe	  and	  do,	  without	  also	  observing	  what	  they	  
do,	  is	  to	  neglect	  the	  complex	  relationship	  between	  attitudes	  and	  behaviour	  	  
(Hammersley	  1990,	  597).	  	  
In	  Aigas’	  ‘Ethnography	  Primer’,	  it	  identifies	  the	  six	  stages	  of	  ethnography	  research:	  define	  the	  
problem,	  find	  the	  people,	  plan	  an	  approach,	  collect	  data,	  analyse	  data	  and	  interpret	  opportunities	  
and	  finally	  share	  the	  insights	  (Aiga	  2013,	  25-­‐29).	  Hammersley	  refers	  to	  stage	  one	  (define	  the	  
problem)	  as	  “foreshadowed	  problems”,	  defining	  issues	  that	  need	  to	  remain	  flexible	  ensuring	  findings	  
remain	  relevant	  and	  not	  forced	  by	  researchers	  (Hammersley,	  Atkinson	  2007,	  21).	  Adhering	  to	  
Hammersley’s	  ethnographic	  approach	  and	  theories,	  “pre-­‐field	  work	  phases”	  mapped	  out	  
ethnographic	  intentions	  to	  contextualise	  beekeeping	  and	  the	  making	  activities	  within	  it	  
(Hammersley,	  Atkinson	  2007,	  24).	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3.11 Why	  Ethnography	  is	  an	  Appropriate	  Methodology	  to	  Answer:	  	  
What	  artefacts	  do	  non-­‐professional	  beekeepers	  make	  or	  re-­‐appropriate	  directly	  related	  to	  the	  
practice	  of	  keeping	  bees?	  
The	  participants	  in	  the	  study	  were	  lay	  users,	  so	  the	  author	  did	  not	  want	  to	  rely	  on	  their	  technical	  
skills	  in	  seeing	  how	  design	  opportunities	  could	  explore	  their	  challenges.	  At	  the	  core	  of	  design	  
ethnography	  is	  understanding	  “in-­‐depth	  insight[s]	  into	  people’s	  behaviours,	  beliefs	  and	  preferences,	  
and	  how	  they	  operate	  in	  their	  day-­‐to-­‐day	  lives”	  (Milton,	  A	  et	  al.	  2013,	  21).	  These	  beliefs,	  preferences	  
and	  nuances	  in	  behaviour	  are	  hard	  for	  users	  to	  identify	  in	  isolation	  as	  they	  are	  familiar	  with	  their	  
own	  scenarios,	  leading	  to	  insights	  being	  disregarded.	  For	  this	  reason,	  ethnography	  tools	  were	  
selected	  as	  an	  appropriate	  methodology.	  Questionnaires	  and	  design	  probes	  can	  be	  used	  to	  
investigate	  a	  similar	  ‘fly-­‐on-­‐the-­‐wall’	  study,	  but	  this	  relies	  on	  observed	  participants	  self-­‐analysing	  
their	  tacit	  actions.	  These	  tacit	  actions	  could	  prove	  uninteresting	  to	  self-­‐analysing	  users	  as	  they	  are	  
familiar	  with	  them.	  Analysis	  or	  miss-­‐analysis	  could	  disregard	  research	  pertinent	  activities.	  The	  in-­‐
depth	  nature	  of	  ethnography	  studies	  would	  also	  take	  a	  lot	  of	  time	  for	  lay	  users	  to	  document,	  often	  
missing	  opportunities.	  On-­‐site	  ethnography	  enables	  the	  observer	  to	  review,	  question	  and	  analyse	  
contextual	  information	  pertinent	  to	  the	  user	  or	  group.	  	  The	  act	  of	  beekeeping	  is	  also	  a	  physical	  and	  
speed	  responsive	  task,	  other	  activities	  could	  have	  frustrated	  study	  participants,	  requiring	  too	  much	  
of	  the	  participants’	  time.	  Finally,	  ethnography	  is	  the	  practice	  of	  observing	  what	  parties	  actually	  do,	  
not	  what	  they	  say.	  
3.12 What	  is	  a	  Design	  Workshop?	  	  
Design	  workshops	  can	  help	  researchers	  include	  participants	  in	  questioning	  problems,	  situations	  or	  
defining	  design	  territories.	  In	  ‘Developments	  in	  Practice’,	  Suri	  identifies	  that	  the	  “design	  profession’s	  
major	  strengths	  [are]	  the	  ability	  to	  create	  tangible	  expressions	  of	  ideas	  and	  to	  invent	  and	  exploit	  
new	  tools”	  i.e.	  translating	  insights	  into	  tangible	  design	  outputs	  (Suri	  2003,	  47).	  The	  ‘new	  tools’	  Suri	  
describes	  range	  from	  technologies	  to	  services,	  from	  construction	  to	  execution.	  	  
Design	  research	  “is	  not	  concerned	  with	  what	  exists	  but	  with	  what	  ought	  to	  be”	  as	  it	  “continually	  
challenges,	  provokes	  and	  disrupts	  the	  status	  quo”	  (Milton,	  A	  et	  al.	  2013,	  11).	  Design	  workshops	  are	  a	  
good	  tool	  for	  incubating	  design	  outcomes	  and	  translating	  insights	  as	  they	  “establish	  user	  needs,	  test	  
product	  designs	  and	  evaluate	  final	  concepts”	  providing	  grounded	  tangible	  solutions	  (Lofthouse,	  
Lilley	  2006,	  	  2).	  So,	  according	  to	  Suri,	  Lofthouse	  and	  Milton,	  design	  workshops	  should	  include	  users	  
in	  the	  process	  of	  ‘disruption’	  by	  exploring	  ‘what	  should	  or	  could	  exist’?	  
In	  ‘Design	  Participation	  Tactics:	  the	  Challenges	  and	  New	  Roles	  for	  Designers	  in	  the	  Co-­‐design	  
Process’,	  Lee	  defines	  the	  process	  of	  design	  as	  not	  merely	  “in	  the	  designer’s	  hands”	  and	  presents	  
methodologies	  for	  participatory	  design	  (Lee	  2008,	  32).	  Carroll	  and	  Rosson	  define	  participatory	  
design	  as	  “the	  direct	  involvement	  of	  end-­‐users	  and	  other	  stakeholders	  in	  [the]	  design”	  of	  artefacts	  
(Carroll,	  Rosson	  2007,	  243).	  Participatory	  design	  is	  evolving	  the	  designer’s	  role	  to	  “develop,	  facilitate	  
and	  generate	  [ideas]	  in	  order	  to	  achieve	  user	  participation	  in	  design”	  (Lee	  2008,	  31).	  Participatory	  
design	  methods	  engage	  users	  in,	  “not	  just	  evaluat[ing]	  end	  products	  but	  be[ing]	  involved	  in	  their	  
conception	  using	  their	  tacit	  knowledge”	  (Spinuzzi	  2005,	  163).	  The	  process	  of	  participatory	  design	  is	  
evolving	  end	  users’	  contributions	  by	  letting	  them	  “have	  a	  direct	  say	  and	  meaningful	  role	  in	  how	  
[products]	  come	  to	  pass”	  (Carroll,	  Rosson	  2007,	  258).	  	  
Scenario	  tools	  can	  be	  created	  to	  “influence	  the	  way	  we	  think”	  for	  participants	  without	  formal	  design	  
training	  to	  be	  included	  in	  participatory	  design	  activities	  or	  workshops	  (Buchenau,	  Suri	  2000,	  2).	  
Creating	  scenarios	  for	  end-­‐users	  within	  design	  workshops	  can	  help	  participants	  “communicate	  and	  
evaluate	  design	  proposals	  within	  their	  intended	  context”	  (Milton,	  A	  et	  al.	  2013,	  121).	  Design	  tools	  
and	  scenarios	  need	  to	  distil	  workshop	  materials	  into	  discrete	  tangible	  elements,	  avoiding	  
overwhelming	  workshop	  participants.	  Scenario	  tools	  can	  guide	  participants	  through	  theoretical	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narratives,	  encouraging	  them	  to	  explore	  territories	  without	  getting	  lost.	  According	  to	  the	  literature	  
reviewed,	  a	  design	  workshop	  poses	  tangible	  questions	  to	  a	  group	  of	  stakeholders,	  engaging	  them	  in	  
understandable	  contextual	  scenarios,	  to	  develop	  proposals.	  	  
3.13 Why	  are	  Design	  Workshops	  an	  Appropriate	  Methodology	  to	  Answer:	  	  
If	  beekeepers	  could	  monitor	  environments	  for	  Citizen	  Science,	  what	  would	  they	  monitor?	  
The	  participants	  were	  lay	  users,	  unfamiliar	  to	  design	  opportunities	  or	  emerging	  technologies	  that	  
could	  answer	  the	  question.	  Design	  workshops	  help	  distil	  concepts	  into	  accessible	  resources	  
participants	  can	  respond	  to.	  Design	  workshops	  encourage	  divergent	  and	  convergent	  thinking,	  
providing	  insights	  outside	  of	  the	  author’s	  comprehension.	  Design	  workshops	  provide	  frameworks	  to	  
test	  theoretical	  thinking	  within	  a	  structure,	  whilst	  remaining	  cost	  and	  time	  effective	  for	  stakeholders	  
and	  participants.	  Design	  workshops	  encourage	  participants	  to	  engage	  in	  person,	  identifying	  positive	  
and	  negative	  issues	  or	  adjoining	  topics,	  if	  preparatory	  workshop	  material	  is	  mis-­‐informed.	  
Questionnaires,	  interviews	  or	  cultural	  probes	  could	  have	  misinterpreted	  either	  the	  author’s	  intent	  or	  
the	  participant’s	  feedback.	  
3.14 What	  is	  a	  Questionnaire	  -­‐	  Probe?	  
A	  questionnaire	  “collect[s]	  measurable	  data	  from	  a	  specific	  group	  of	  people”	  (Fanning	  2005,	  1).	  A	  
design	  probe	  is	  a	  tool	  gathering	  “valued	  opportunit[ies]	  not	  problem	  solving”,	  highlighting	  content	  
from	  participants	  that	  can	  be	  translated	  into	  design	  insights	  (Boehner,	  Vertesi	  et	  al.	  2007).	  The	  
combination	  of	  a	  probe	  and	  questionnaire	  can	  open	  insights	  into	  a	  design	  territory	  and	  answer	  
specific	  research	  questions	  in	  the	  participants’	  own	  time.	  A	  questionnaire-­‐probe	  can	  also	  engage	  a	  
larger	  sample	  size	  over	  a	  wide	  geographic	  location.	  	  
3.15 Why	  is	  Questionnaire	  -­‐	  Probes	  an	  Appropriate	  Methodology	  to	  Answer:	  	  
If	  beekeepers	  could	  monitor	  environments	  for	  Citizen	  Science,	  what	  would	  they	  monitor?	  
Design	  questionnaire-­‐probes	  can	  repeat	  proven	  design	  workshop	  material	  with	  wider	  audience	  in	  a	  
more	  dispersed	  geographic	  location.	  The	  accessibility	  of	  the	  material	  also	  enables	  participants	  to	  be	  
complete	  the	  material	  in	  their	  own	  time	  and	  in	  a	  location	  relevant	  to	  the	  activity,	  i.e.	  not	  in	  front	  of	  a	  
computer.	  
3.16 What	  is	  a	  Design	  Toolkit?	  
A	  design	  toolkit	  is	  an	  “interface	  that	  enables	  trial	  and-­‐error	  experimentation	  and	  allows	  
[participants]	  to	  take	  an	  active	  part	  in	  product	  development”,	  distilling	  challenges	  that	  participants	  
without	  prior	  design	  experience	  can	  engage	  with	  (Franke,	  Piller	  2004,	  403).	  Design	  toolkits	  are	  
packages	  of	  material,	  supporting	  participants’	  knowledge	  with	  toolkit	  content	  for	  design	  
interventions,	  translating	  audience’s	  problems,	  solutions	  or	  design	  opportunities.	  As	  Sanders	  
explains	  in	  Harnessing	  People’s	  Creativity:	  Ideation	  and	  Expression	  Through	  Visual	  Communication,	  
“Consumers	  do	  not	  know	  and	  cannot	  express	  their	  needs	  and/or	  dreams.	  Consumers	  cannot	  
imagine	  or	  envision	  how	  their	  future	  could	  be	  different	  from	  the	  present.	  Consumers	  cannot	  come	  
up	  with	  ideas	  for	  new	  products	  or	  services	  to	  improve	  their	  lives”	  (Sanders,	  William	  2001,	  1).	  In	  
response	  to	  Sanders,	  design	  toolkits	  need	  to	  package	  scenarios	  within	  themselves.	  Whilst	  the	  author	  
does	  not	  agree	  with	  Sanders	  comments,	  it	  does	  recognise	  that	  lay	  users	  have	  problems	  in	  translating	  
their	  perspectives	  and	  opinions	  into	  needs.	  	  
	  
Toolkits	  can	  aid	  the	  creation	  and	  transformation	  of	  ideas,	  through	  technology	  opportunities	  
providing	  “elements	  of	  participatory	  [and]	  generative	  design	  methods”,	  into	  plausible	  scenarios	  
engaging	  stakeholders	  in	  exploratory	  design	  activities	  (Hanington,	  Martin	  2012,	  48).	  The	  process	  of	  
using	  toolkits	  “offer[s]	  potential	  advantages	  compared	  to	  the	  traditional	  method	  of	  new	  product	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development	  in	  that	  they	  enable	  an	  individual	  user	  to	  state	  or	  specify	  his	  or	  her	  preferences	  
precisely”,	  enabling	  a	  rich	  convergent	  discussion	  (Franke,	  Piller	  2004,	  403).	  In	  order	  to	  encourage	  
creativity	  within	  a	  toolkit,	  Sanders	  identifies	  that	  “Immersion,	  feelings	  and	  expression”	  are	  critical	  to	  
participants	  building	  on	  their	  creativity	  (Sanders,	  William	  2001,	  4).	  Design	  toolkits	  have	  common	  
features:	  	  
-­‐ They	  are	  targeted	  at	  specific	  audiences,	  with	  specific	  intentions.	  	  
-­‐ They	  break	  down	  challenges,	  guiding	  users	  through	  their	  intended	  process.	  	  
-­‐ They	  are	  graphically	  well	  constructed	  and	  can	  stand	  alone	  without	  facilitators’	  direction.	  
-­‐ They	  give	  stakeholders	  a	  voice,	  highlighting	  fears	  and	  opportunities.	  
	  
Design	  “toolkits	  are	  particularly	  useful	  if	  participatory	  design	  sessions	  are	  held	  in	  a	  number	  of	  
locations”,	  i.e.	  off	  site	  or	  in	  clients’	  surroundings,	  taking	  design	  activities	  to	  participants	  (Hanington,	  
Martin	  2012,	  48).	  Toolkits	  can	  be	  used	  as	  a	  “suggestion	  tool,	  inspiring	  design	  solutions”	  by	  guiding	  
participants	  through	  a	  process	  (Lockton,	  Harrison	  et	  al.	  2010,	  387).	  The	  process	  helps	  users	  to	  define	  
design	  pitfalls	  and	  opportunities	  in	  theoretical	  projects.	  Toolkits	  distil	  design	  options,	  so	  users	  can	  
create	  narratives	  providing	  situations	  for	  design	  response.	  	  
3.17 Why	  are	  Design	  Toolkits	  an	  Appropriate	  Methodology	  to	  Answer:	  	  
What	  information	  and	  participant	  insights	  are	  required	  to	  successfully	  frame	  an	  Open	  Design/Citizen	  
Science	  project?	  
Toolkits	  help	  experts	  in	  their	  field,	  unfamiliar	  to	  design	  processes,	  to	  engage	  in	  design	  activities	  as	  
they	  distil	  information	  into	  stages	  for	  non-­‐designers	  to	  engage	  with.	  Design	  toolkits	  are	  a	  more	  
focused	  methodology	  than	  design	  workshops	  as	  they	  can	  be	  implemented	  without	  a	  design	  entity	  
present.	  Design	  toolkits	  enable	  participants	  to	  follow	  a	  structure,	  whilst	  aligning	  their	  agenda	  with	  
design	  opportunities.	  Toolkits	  let	  participants	  engage	  with	  material	  repeating	  the	  same	  event	  in	  
multiple	  locations	  or	  with	  different	  parties.	  Design	  toolkits	  also	  expand	  non-­‐design	  field	  experts’	  
thinking	  beyond	  their	  own	  knowledge.	  The	  organisations	  involved	  in	  the	  study	  needed	  to	  approve	  
materials	  merit	  prior	  to	  event(s).	  A	  design	  toolkit	  meant	  that	  design	  material	  could	  be	  shared	  prior	  
to	  implementation,	  validating	  the	  merit	  to	  the	  organisation	  and	  they	  could	  select	  the	  correct	  
participants	  to	  engage	  in	  event(s).	  A	  design	  toolkit	  is,	  finally,	  a	  cost	  effective	  way	  of	  distilling	  thinking	  
into	  a	  process	  requiring	  the	  minimum	  time	  from	  participants.	  
3.18 What	  is	  a	  Hackathon?	  	  
A	  Hackathon	  is	  a	  timed	  challenge	  bringing	  mixed	  technical	  teams	  together	  to	  address	  challenges	  
through	  technological	  interventions.	  Technology	  based	  design	  challenges	  are	  commonplace	  in	  many	  
fields	  including:	  science	  (www.sciencehackday.com),	  healthcare	  (www.healthhackday.com)	  and	  
smart	  cities	  (www.fi-­‐ware.eu/tag/smart-­‐cities/).	  These	  events	  are	  “becoming	  larger	  including	  
international	  participants	  addressing	  common	  local	  or	  international	  problems”	  (Open	  Glasgow	  
2014).	  Hackathons	  build	  off	  the	  ‘common	  goals’	  that	  design	  workshops	  have	  but	  are	  more	  familiar	  to	  
the	  open	  hardware	  community,	  whilst	  creating	  an	  ‘experience	  prototyping’	  approach	  to	  design	  
challenges	  for	  users	  building	  on	  Buchenau	  and	  Suris’	  ‘user	  centred	  design	  (Buchenau,	  Suri	  2000).	  
3.19 Why	  is	  a	  Hackathon	  an	  Appropriate	  Methodology	  to	  Answer:	  	  
What	  are	  the	  key	  factors	  to	  consider	  in	  achieving	  a	  successful	  outcome	  to	  the	  Bee	  Lab	  Kit	  specifically	  
in	  developing	  an	  Open	  Design/Citizen	  Science	  tool	  for	  bee	  hive	  monitoring?	  
To	  engage	  lay	  users	  in	  a	  successful	  project,	  testing	  technologies’	  assembly	  and	  their	  intended	  use	  
was	  imperative.	  An	  onsite,	  physical	  Hackathon	  meant	  that	  lay	  users	  could	  work	  with	  technology	  
under	  the	  instruction	  of	  technicians,	  researchers	  and	  technical	  experts.	  This	  ‘live	  testing’	  meant	  that	  
researchers	  could	  observe	  barriers,	  question	  participants	  and	  lay	  users	  could	  trial	  equipment	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confidently,	  gaining	  feedback	  or	  troubleshooting	  from	  experts.	  Often,	  design	  iterations	  require	  
physical	  trialling	  with	  target	  users	  to	  debug	  resources	  and	  material.	  A	  Hackathon	  is	  an	  appropriate	  
methodology	  for	  testing	  and	  implementing	  a	  technologically-­‐based	  challenge,	  ending	  in	  a	  successful	  
design	  outcome.	  
3.20 What	  is	  Deployment?	  
The	  deployment	  of	  artefacts	  and	  products	  is	  “essential	  to	  move	  design	  out	  of	  the	  lab	  and	  making	  it	  
into	  an	  unremarkable	  feature	  of	  everyday	  life”	  (Tolmie,	  Crabtree	  et	  al.	  2010,	  181).	  The	  “most	  
profound	  technologies	  are	  those	  that	  disappear,	  they	  weave	  themselves	  into	  the	  fabric	  of	  everyday	  
life	  until	  they	  are	  indistinguishable	  from	  it”	  (Weiser	  1991)	  (66).	  Deploying	  proposals	  enables	  “better	  
understand[ing	  of]	  its	  ‘real	  world’	  capabilities”	  (Tolmie,	  Crabtree	  et	  al.	  2010,	  183).	  Deploying	  
products	  in	  the	  world	  can	  have	  engaging	  results,	  not	  just	  through	  product	  development	  but	  the	  
subsequent	  actions	  it	  inspires.	  In	  The	  Drift	  Table:	  Designing	  for	  Ludic	  Engagement,	  Gaver	  et	  al	  deploy	  
an	  interactive	  device	  in	  users	  homes	  exploring	  engagement	  (Gaver,	  Bowers	  et	  al.	  2004).	  In	  the	  
publication,	  Gaver	  et	  al	  comment	  “the	  design	  isn’t	  complete	  until	  it	  has	  been	  used”	  (Gaver,	  Bowers	  
et	  al.	  2004,	  893).	  	  
	  
In	  The	  Design,	  Deployment	  and	  Evaluation	  of	  Situated	  Display-­‐based	  Systems	  to	  Support	  
Coordination	  and	  Community,	  Cheverst	  et	  al	  comment	  on	  effective	  deployments.	  Effective	  
deployments	  contextualise	  the	  project’s	  “settings	  and	  [establish]	  prolonged	  deployments”	  which	  are	  
required	  to	  see	  “the	  long	  term	  use	  of	  novel	  technologies”	  (Cheverst,	  Taher	  et	  al.	  2012,	  3).	  Project	  
deployments	  in	  real	  life	  situations	  are	  akin	  to	  “research	  in	  the	  wild”	  practices,	  testing	  artefacts	  with	  
users	  and	  documenting	  responses	  (Callon,	  Rabeharisoa	  2003,	  194).	  In	  Annotated	  Portfolios,	  Gaver	  
and	  Bowers	  discuss	  “how	  can	  design	  be	  research”?	  They	  posit	  that	  deploying	  artefacts	  aids	  the	  use	  
and	  development	  of	  a	  product	  in	  the	  user’s	  environment	  and	  subsequently	  informs	  research	  
practices	  (Gaver,	  Bowers	  2012,	  42).	  
3.21 Why	  is	  Deployment	  an	  Appropriate	  Methodology	  to	  Answer:	  	  
What	  are	  the	  key	  factors	  to	  consider	  in	  achieving	  a	  successful	  outcome	  to	  the	  Bee	  Lab	  Kit	  specifically	  
in	  developing	  an	  Open	  Design/Citizen	  Science	  tool	  for	  bee	  hive	  monitoring?	  
Testing	  concepts	  deployed	  in-­‐the-­‐wild	  trials	  design	  proposals	  in	  the	  real	  world,	  with	  intended	  users	  
and	  can	  highlight	  positive	  and	  negative	  aspects	  of	  the	  artefact.	  Proposal	  deployment	  provides	  the	  
means	  for	  users	  to	  accurately	  test	  design	  interventions	  without	  technical	  support,	  giving	  participants	  
time	  to	  provide	  accurate	  feedback.	  The	  implementation	  of	  design	  solutions	  is	  not	  a	  theoretical	  
subject;	  testing	  and	  trialling	  objects	  with	  live	  users	  presents	  pitfalls,	  benefits	  and	  opportunities	  that	  
could	  be	  outside	  the	  designers	  or	  authors	  comprehension.	  The	  study’s	  target	  participants	  are	  lay	  
users	  and	  laboratory	  orientated	  objects	  can	  be	  mis-­‐informed	  if	  they	  are	  not	  implemented	  by	  users.	  
3.22 What	  is	  Live	  User	  Testing?	  
In	  Research	  Methods	  for	  Product	  Design,	  Milton	  and	  Rodgers	  present	  ‘user	  trials’.	  User	  trials	  are	  an	  
“effective	  experiential	  method,	  where	  a	  group	  of	  users	  test	  products”	  (Milton,	  A	  et	  al.	  2013,	  122).	  
User	  trials	  are	  documented	  by	  researchers	  providing	  discussion	  points	  they	  can	  revisit	  with	  the	  user.	  
Milton	  and	  Rodgers	  state	  that	  user	  trials	  must	  “set	  goals”	  and	  “design	  the	  test”	  (Milton,	  A	  et	  al.	  
2013,	  136).	  Public	  engagement	  practices	  also	  build	  on	  components	  of	  ‘live	  user	  testing’	  by	  engaging	  
research	  elements	  with	  the	  public.	  Discussing	  work	  with	  the	  “public	  can	  help	  you	  question	  your	  
assumptions,	  introduce	  fresh	  perspectives	  to	  improve	  your	  thinking,	  and	  provide	  an	  opportunity	  to	  
reflect	  on	  your	  design	  practice	  and	  research”	  (Milton,	  A	  et	  al.	  2013,	  164).	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3.23 Why	  is	  Live	  User	  Testing	  Appropriate	  Methodology	  to	  Answer:	  	  
What	  are	  the	  key	  factors	  to	  consider	  in	  achieving	  a	  successful	  outcome	  to	  the	  Bee	  Lab	  Kit	  specifically	  
in	  developing	  an	  Open	  Design/Citizen	  Science	  tool	  for	  bee	  hive	  monitoring?	  
Live	  user	  testing	  is	  closely	  linked	  to	  deployment.	  The	  main	  difference	  is	  that	  user	  testing	  is	  trialling	  
the	  artefact	  and	  deployment	  is	  deploying	  the	  artefact	  in	  the	  user’s	  surroundings.	  Engaging	  
participants	  in	  live	  trialling	  activities	  ensures	  that	  artefacts	  can	  be	  debugged	  and	  is	  an	  appropriate	  
methodology	  for	  positively	  testing	  the	  design	  of	  an	  artefact.	  The	  author	  finds	  the	  deployment	  and	  
live	  testing	  rationales	  closely	  linked	  and	  they	  complement	  each	  other	  in	  trials	  outside	  of	  laboratory	  
conditions	  with	  the	  same	  reasoning.	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Chapter	  4	  
Understanding	  the	  user	  and	  their	  capabilities:	  understanding	  what	  non-­‐professional	  beekeepers	  are	  
capable	  of	  making	  -­‐	  what	  they	  make	  and	  what	  that	  says	  about	  their	  requirements	  and	  motivations,	  
the	  means	  by	  which	  they	  make,	  and	  how	  these	  means	  enable	  people	  to	  make.	  
	  
Chapter	  4	  Introduction	  
The	  chapter’s	  mandate	  is	  to	  understand	  a	  motivated	  group	  of	  participants’	  definition	  of	  ‘making’	  and	  
identify	  scaffolding	  points	  for	  Open	  Design	  activities.	  It	  is	  important	  this	  research	  activity	  is	  deployed	  
independently,	  witnessing	  users’	  experience,	  not	  through	  the	  author’s	  eyes.	  The	  intention	  is	  to	  
identify	  participants’	  skillsets,	  opportunities	  and	  tools	  they	  already	  use.	  Primarily,	  the	  chapter	  
identifies	  users’	  current	  constructions	  or	  ‘makes’	  as	  participants’	  skillsets	  could	  be	  located	  outside	  
their	  beekeeping	  interest	  through	  a	  non-­‐linked	  activity.	  Secondly,	  the	  chapter	  narrows	  to	  define,	  
what	  equipment	  participants	  make	  for	  their	  beekeeping?	  The	  second	  stage	  of	  this	  chapter	  is	  
important,	  as	  the	  participants	  might	  not	  see	  the	  potential	  in	  their	  beekeeping	  constructions	  or	  the	  
potential	  to	  open	  up	  their	  actions	  to	  a	  wider	  community.	  The	  key	  theme	  identified	  in	  the	  chapter	  is	  
understanding	  by	  what	  means	  participants	  make	  and,	  more	  importantly,	  their	  motivation	  for	  
conducting	  these	  open	  design	  /	  citizen	  science	  activities.	  
Chapter	  4	  was	  informed	  by	  the	  literature	  review,	  as	  there	  were	  no	  current	  peer	  reviewed	  evidence	  
of	  beekeepers	  making	  open	  design	  artefacts,	  outside	  of	  blogs	  and	  social	  media.	  The	  following	  work	  
was	  also	  informed	  by	  professional	  practice	  of	  ethnographic	  research,	  stated	  in	  the	  methodology.	  The	  
ethnography	  practice	  in	  stage	  two	  of	  the	  chapter	  is	  informed	  by	  live	  research	  in	  the	  field	  gaining	  an	  
understanding	  of	  current	  practice.	  The	  entire	  chapter	  is	  also	  informed	  by	  the	  scoping	  workshops,	  
highlighted	  in	  the	  appendices;	  including	  an	  Open	  Senses	  workshop	  (E),	  Instructional	  design	  (L),	  3D	  
printing	  in	  retail	  and	  Open	  Design.	  The	  scoping	  work	  identified	  that	  Open	  Design	  /	  Citizen	  Science	  
activities	  need	  specific	  boundaries,	  rather	  than	  an	  open	  offering,	  as	  users	  would	  not	  always	  consider	  
community	  needs	  and	  open	  directions	  are	  liable	  to	  abuse.	  
4.1 Study	  1,	  “Self-­‐creating	  &	  making”	  Probe	  1	  	  
Sub	  question:	  Do	  non-­‐professional	  beekeepers	  currently	  make	  and	  what	  are	  those	  artefacts?	  	  
This	  work	  was	  peer	  reviewed	  and	  published	  at	  the	  10th	  EAD	  design	  conference	  ‘Crafting	  the	  
future’	  in	  Gothenburg	  entitled	  ‘The	  practical	  maker:	  investigating	  the	  definitions	  and	  
requirements	  of	  and	  exploring	  the	  motivations	  behind	  bespoke	  making’	  (Phillips.	  R,	  Baurley.	  
S,	  Silve.	  S	  2013b).	  This	  publication	  can	  be	  found	  in	  appendix	  (F).	  
4.2 Probe	  1:	  Objective	  
To	  understand	  the	  needs	  and	  requirements	  of	  a	  beekeeping	  group,	  it	  is	  important	  to	  understand	  
their	  lives	  from	  their	  perspective.	  A	  cultural	  probe	  was	  created	  to	  document	  what	  amateurs	  (non-­‐
professionals)	  make;	  in	  this	  case,	  non-­‐professional	  beekeepers.	  Amateurs	  were	  selected	  for	  the	  
project	  (over	  professionals)	  as	  they	  are	  more	  likely	  to	  engage	  in	  Open	  Design	  activities:	  “the	  
hobbyist	  can	  offer	  new	  insight	  to	  the	  custom	  requirements	  of	  products”	  (Bie	  Prett	  2008,	  8).	  	  
The	  objective	  was	  to	  create	  a	  research	  tool	  that	  enabled	  participants	  to	  capture	  ‘making’	  insights	  
that	  are	  of	  personal	  (not	  researcher)	  importance,	  in	  their	  own	  time,	  from	  their	  perspective	  and	  in	  
their	  existing	  environment.	  The	  intention	  was	  to	  unearth	  participants’	  tacit	  making	  knowledge.	  The	  
subsequent	  insights	  could	  then	  present	  current	  making	  practices	  within	  beekeeping.	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4.3 Probe	  1	  Method:	  Study	  Group	  
The	  study	  group	  self-­‐selected	  to	  participate.	  The	  study	  group	  were	  BBKA	  members	  as	  they	  could	  be	  
easily	  contacted	  through	  existing	  communication	  channels	  controlled	  and	  promoted	  via	  the	  BBKA.	  	  
4.4 Probe	  1:	  Methodological	  Limitations	  
The	  deployment	  of	  the	  self-­‐creating	  &	  making	  probe	  was	  tied	  to	  the	  United	  Kingdom	  due	  to	  the	  cost	  
constraints	  of	  postage	  and	  recruitment	  advertising.	  The	  deployment	  duration	  was	  limited	  due	  to	  the	  
timeline	  of	  the	  study.	  
4.5 Probe	  1	  Method:	  Design	  Rationale,	  Understanding	  the	  User	  
Throughout	  this	  text	  the	  self-­‐creating	  &	  making	  probe	  will	  be	  referred	  to	  as	  the	  tool.	  The	  tool	  was	  
designed	  to	  capture	  all	  objects	  that	  beekeepers	  and	  non-­‐beekeepers	  had	  made,	  either	  serving	  
unmet	  needs,	  or	  solving	  a	  specific	  bespoke	  problem.	  Participants	  were	  asked	  to	  photograph	  and	  
document	  objects	  that	  they	  had	  made,	  either	  pure	  fabrications,	  or	  by	  re-­‐appropriating	  existing	  
products,	  and	  to	  incorporate	  them	  into	  the	  probe	  booklet.	  Contributors	  were	  guided	  in	  their	  
photographic	  input	  by	  a	  set	  of	  questions.	  Given	  the	  attributes	  of	  the	  study	  participants,	  the	  probe	  
had	  to	  conform	  to	  the	  following	  criteria:	  
4.6 Probe	  1	  Method:	  Analogue	  Not	  Digital	  
The	  research	  tool	  had	  to	  be	  accessible	  to	  a	  wide	  demographic	  of	  users	  possibly	  unfamiliar	  with	  
digital	  technologies.	  The	  tool	  consisted	  of	  a	  printed	  book	  as	  initial	  user	  meetings	  identified	  that	  
beekeepers	  did	  not	  have	  time	  to	  complete	  on-­‐line	  questionnaires	  and	  got	  frustrated	  with	  other	  
digital	  research	  methods.	  The	  printed	  medium	  also	  meant	  that	  participants	  could	  return	  to	  their	  
opinions	  over	  a	  course	  of	  time,	  reflecting	  on	  their	  personal	  findings.	  It	  is	  perceived	  that	  an	  on-­‐line	  
digital	  solution	  would	  make	  the	  participants	  complete	  the	  research	  in	  one	  ‘computing	  session’,	  
rather	  than	  over	  a	  period	  of	  time,	  giving	  inaccurate	  data	  and	  removing	  participants	  from	  their	  
making	  practice.	  The	  printed	  medium’s	  accessibility	  meant	  participants	  could	  keep	  the	  research	  tool	  
in	  their	  toolboxes,	  as	  hives	  are	  often	  located	  in	  remote	  locations.	  Whilst	  the	  participants	  were	  able	  
to	  complete	  digital	  forms,	  or	  on-­‐line	  processes,	  that	  computing	  environment	  could	  have	  been	  
distant	  from	  their	  workshop	  or	  making	  environment,	  possibly	  misleading	  findings.	  
	  
The	  tool	  built	  on	  Gaffneys’s	  perspective	  of	  probes’	  completion	  “in	  their	  own	  environment”	  as	  the	  
participant	  could	  dictate	  their	  completion	  (Gaffney	  G	  2012,	  13).	  The	  intention	  was	  to	  let	  the	  
participants	  command	  the	  research	  tools	  completion;	  they	  are	  then	  more	  inclined	  to	  complete	  it	  
during	  a	  ‘making’	  activity.	  The	  tool	  only	  had	  twenty	  one	  pages,	  so	  the	  participants	  had	  to	  consider	  
material	  they	  were	  collating,	  reducing	  the	  arduousness	  of	  overwhelming	  content.	  Extensive	  pages	  
could	  encourage	  the	  participants	  to	  fill	  the	  book	  with	  any	  content,	  rather	  than	  curating	  their	  
documentation,	  possibly	  leading	  to	  unvaluable,	  unconsidered	  data.	  The	  participants’	  desires	  and	  
‘aspirational	  making’	  was	  challenging	  to	  document	  as	  the	  methodology	  would	  have	  had	  to	  present	  
them	  with	  appropriate	  opportunities.	  	  
4.7 Probe	  1	  Method:	  Open	  to	  Participant	  Interpretation	  
For	  the	  purpose	  of	  the	  study,	  it	  was	  imperative	  to	  understand	  existing	  making	  practices.	  It	  was	  
important	  that	  the	  participants	  were	  able	  to	  openly	  interpret	  the	  research	  tool	  as	  the	  intention	  was	  
to	  explore	  their	  point	  of	  view,	  and	  their	  perspective	  of	  ‘making’	  currently	  used	  in	  their	  practice.	  If	  
the	  tool	  had	  been	  too	  prescriptive,	  and	  not	  open	  to	  participant	  interpretation,	  then	  it	  could	  only	  
affirm	  what	  the	  author	  already	  knew.	  The	  analogue	  medium	  of	  a	  book	  made	  the	  research	  process	  
simple,	  easy	  and	  tangible	  for	  the	  users.	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The	  tool	  took	  many	  lessons	  from	  cultural	  probes,	  i.e.	  that	  they	  “embrace	  the	  abstract	  as	  they	  can	  
offer	  insight”	  (Hanington,	  Martin	  2012,	  100).	  In	  this	  study,	  the	  research	  tool	  embraced	  open-­‐ended	  
activities	  that	  the	  users	  could	  engage	  with	  by	  embracing	  their	  various	  skillsets,	  making	  abilities	  and	  
variety	  in	  defining	  ‘making’.	  The	  tool	  opened	  interpretation	  up	  to	  the	  participants	  by	  merely	  letting	  
them	  choose	  what	  they	  defined	  as	  ‘making’.	  Within	  the	  design	  of	  the	  tool,	  a	  key	  consideration	  was	  
framing	  questions	  to	  users	  so	  answers	  could	  be	  interpreted	  by	  researchers.	  This	  ‘framing’	  was	  
undertaken	  by	  asking	  users	  to	  contextually	  explain	  their	  photographs	  through	  annotation.	  
4.8 Probe	  1	  Method:	  Encouraging	  Engagement	  
During	  initial	  meetings	  with	  beekeeping	  clubs	  and	  individuals,	  they	  commented	  that	  photography	  
was	  a	  common	  documentary	  process.	  The	  beekeepers	  visited	  individually	  even	  shared	  their	  pictures	  
with	  each	  of	  the	  defining	  construction	  processes.	  This	  groundwork	  presented	  photography	  as	  an	  
appropriate	  form	  of	  documentation	  for	  the	  study’s	  beekeepers.	  Photography	  built	  on	  users’	  current	  
practices,	  encouraging	  participation	  as	  it	  used	  tools	  (cameras)	  that	  were	  familiar	  to	  them.	  The	  
process	  of	  getting	  end-­‐users	  to	  tell	  visual	  stories	  with	  their	  photographs	  presents	  their	  current	  
constructions	  and	  documents	  salient	  themes.	  	  
The	  documenting	  of	  photographs	  is	  a	  relevant	  methodology	  to	  this	  particular	  user	  group	  as	  the	  very	  
act	  of	  beekeeping	  relies	  on	  tacit	  knowledge	  and	  experience,	  something	  that	  is	  hard	  to	  document.	  
The	  photographs	  allow	  the	  author	  to	  question	  elements	  that	  the	  participant	  might	  not	  document	  in	  
his	  notes.	  The	  design	  of	  the	  tool	  made	  the	  research	  activity	  engaging,	  as	  it	  used	  visual	  storytelling	  to	  
allow	  the	  participants	  to	  explore	  their	  territory	  of	  ‘making’.	  It	  was	  important	  to	  construct	  an	  
engaging	  tool	  as	  the	  target	  audience	  was	  amateur	  and	  unfamiliar	  with	  creative	  design	  practices.	  The	  
participants	  were	  able	  to	  document	  their	  perspective	  through	  photographs,	  not	  relying	  on	  their	  
verbal	  communication	  or	  sketching	  skills.	  Visual	  storytelling	  enables	  people	  to	  explain	  their	  ideas	  
and	  definitions	  of	  making	  more	  easily	  than	  relying	  on	  verbal	  or	  written	  feedback	  (Phillips.	  R,	  Baurley.	  
S,	  Silve.	  S).	  The	  tool	  was	  the	  vehicle	  for	  documenting	  and	  highlighting	  possible	  challenges	  of	  users	  
‘making’	  in	  existing	  praxis.	  
The	  tool’s	  questions	  used	  simple	  terminology,	  defining	  what	  constitutes	  ‘making’	  and	  what	  does	  not	  
constitute	  ‘making’,	  to	  capture	  all	  participants’	  home-­‐made	  artefacts.	  In	  the	  Oxford	  English	  
Dictionary,	  ‘home-­‐made’	  is	  defined	  as	  “made	  at	  home	  or	  on	  the	  premises,	  esp.	  of	  high-­‐quality	  
ingredients,	  possibly	  crudely	  fashioned”	  (Collins	  1999,	  739).	  Open	  Design	  evolves	  ‘home-­‐made’	  and	  
should	  be	  referred	  to	  as	  ‘home-­‐designed’	  as	  digital	  fabrication	  tools	  are	  not	  always	  located	  in	  the	  
home,	  but	  the	  capability	  to	  design	  with	  them	  (the	  software)	  can	  be.	  	  
If	  the	  author	  had	  simply	  asked	  for	  ‘home-­‐made’	  objects,	  beekeepers	  may	  have	  only	  presented	  
objects	  they	  thought	  were	  ‘worthy’,	  i.e.	  pure	  fabricated	  objects	  and	  taken	  the	  definition	  too	  literally.	  
The	  study	  was	  not	  primarily	  interested	  in	  the	  ‘pride’	  of	  users’	  worthy	  constructions	  but	  their	  current	  
praxis	  and	  artefacts	  created	  to	  enhance	  their	  work.	  The	  fabrications	  did	  not	  require	  craftsmanship	  or	  
quality	  but	  insights	  pointing	  towards	  future	  scenarios.	  The	  probe	  was	  designed	  to	  capture	  all	  objects	  
that	  beekeepers	  had	  made,	  either	  to	  serve	  unmet	  needs	  or	  to	  solve	  a	  specific	  bespoke	  problem.	  	  
The	  tool	  used	  photography	  capturing	  participants’	  thoughts	  and	  ideas	  as	  the	  easiest	  documentation	  
medium,	  aligning	  with	  their	  current	  practice.	  
4.9 Probe	  1	  Method:	  Maintaining	  Interest	  
During	  previous	  meetings	  with	  beekeepers,	  they	  commented	  on	  their	  enjoyment	  of	  sharing	  skills	  
and	  making	  knowledge	  with	  colleagues	  at	  their	  apiary	  gatherings.	  The	  tool	  was	  designed	  so	  
participants	  could	  document	  their	  thoughts	  as	  a	  ‘making	  journal’	  to	  communicate	  to	  another	  party.	  
It	  was	  essential	  to	  demonstrate	  to	  the	  participants	  that	  their	  findings,	  notes	  and	  photographs	  were	  
valuable	  to	  the	  author.	  The	  tool	  needed	  to	  be	  interesting	  and	  compelling	  to	  users,	  so	  they	  would	  be	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motivated	  and	  actively	  engage	  in	  the	  research	  process.	  It	  was	  imperative	  to	  create	  “attractive	  
[probe]	  kits”	  as	  “people	  respond	  positively	  to	  them”	  so	  the	  tool	  was	  carefully	  designed	  and	  
professionally	  printed	  so	  participants’	  documentation	  felt	  ‘valued	  and	  worthy’	  (Gaffney	  G	  2012,	  12).	  
The	  tool	  was	  printed	  via	  an	  on-­‐line	  publishing	  service	  (www.blurb.com),	  showing	  the	  participants	  
that	  their	  responses	  would	  be	  valued,	  as	  the	  output	  was	  created	  to	  the	  standard	  of	  a	  retailed	  book.	  
The	  tool’s	  professional	  aesthetic	  encouraged	  participants	  to	  take	  the	  study	  seriously,	  making	  the	  
participants	  feel	  valued	  and	  worthy.	  	  
The	  tool	  was	  engaging	  for	  the	  beekeepers	  as	  it	  encouraged	  them	  to	  document	  the	  familiar	  and	  
reflect	  on	  what	  they	  ‘make’.	  The	  tool	  also	  needed	  to	  inspire	  trust	  with	  the	  users	  so	  they	  would	  
curate	  material	  they	  have	  deemed	  worthy	  to	  include.	  	  
4.10 Probe	  1	  Method:	  Layout	  	  
The	  research	  tool	  was	  comprised	  of	  a	  printed	  book	  for	  notes,	  an	  SD	  memory	  card	  or	  a	  digital	  camera	  
(based	  on	  the	  participant’s	  requirements)	  and	  self-­‐addressed	  envelopes,	  ensuring	  easier	  return	  
(Figure	  54).	  The	  research	  tool	  was	  designed	  in	  adherence	  with	  the	  Royal	  National	  Institute	  for	  the	  
Blind’s	  (www.rnib.org.uk)	  “Clear	  Print	  Guidelines”	  to	  ensure	  a	  wide	  demographic	  of	  participants	  
could	  be	  included	  within	  the	  study	  (The	  Royal	  National	  Institute	  for	  the	  Blind	  2014).	  The	  research	  
tool’s	  vocabulary	  was	  easy	  to	  understand,	  even	  for	  participants	  unfamiliar	  with	  design	  terminology.	  
The	  tool	  guided	  the	  participants	  through	  the	  documentation	  process,	  starting	  with	  ethical	  
procedures.	  
	  
Figure	  54,	  Probe	  1	  book	  	  
4.11 Probe	  1	  Method:	  Ethical	  Procedures	  
The	  tool	  complied	  with	  University	  ethical	  procedures,	  protecting	  the	  user’s	  anonymity	  and	  data	  
without	  publically	  discrediting	  the	  University.	  The	  tool	  integrated	  University	  ethical	  procedures,	  
personal	  information,	  project	  introduction	  and	  pertinent	  instructions	  for	  ‘kit’	  digital	  cameras	  (Figure	  
55)	  into	  the	  tool’s	  first	  pages.	  The	  tool	  was	  easy	  to	  understand	  and	  included:	  a	  covering	  letter,	  
instructions	  and	  author’s	  contact	  details	  (if	  participants	  required).	  The	  terminology	  used	  throughout	  
the	  tool	  was	  clear,	  intended	  for	  a	  non-­‐academic,	  non-­‐technical,	  lay	  user	  audience.	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Figure	  55,	  Directions	  on	  the	  probe1	  pack	  digital	  camera	  	  
To	  ensure	  contributor	  clarity,	  the	  tool	  featured	  enlarged	  numbers	  on	  every	  page	  in	  the	  outer	  margin,	  
so	  participants	  could	  correlate	  notes	  with	  latent	  images	  by	  placing	  the	  book	  within	  the	  photograph’s	  
frame	  (Figure	  55).	  A	  pictogram	  located	  on	  the	  first	  page	  depicts	  a	  camera	  taking	  a	  photo	  of	  a	  cup	  of	  
tea	  accompanied	  by	  the	  probe	  book	  (Figure	  56).	  Within	  the	  pictograms,	  a	  tick	  or	  cross	  demonstrates	  
to	  the	  user	  that	  the	  enlarged	  page	  number	  is	  of	  importance	  to	  the	  researcher	  in	  interpreting	  their	  
photographs.	  
	  
This	  designed	  element	  correlated	  images	  without	  complexity,	  reducing	  inaccuracy	  and	  subsequently	  
intangible	  results.	  The	  correlated	  notes	  provide	  users’	  “personal	  elements	  and	  values”,	  giving	  
contextualisation	  of	  captured	  images	  to	  researchers	  (Mattelmäki,	  Brandt	  et	  al.	  2011a,	  82).	  In	  On	  
Designing	  Open-­‐ended	  Interpretations	  for	  Collaborative	  Design	  Exploration,	  Mattelmaki	  eludes	  
towards	  the	  notion	  that,	  without	  users’	  contextual	  information,	  any	  data	  gathered	  is	  superfluous	  
and	  it	  could	  be	  taken	  out	  of	  context	  by	  researchers.	  The	  enlarged	  page	  number	  and	  annotation	  
space	  ensures	  that	  participants	  can	  annotate	  rationales,	  explaining	  their	  photograph	  of	  ‘making’.	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Figure	  56,	  Enlarged	  numbers	  accompanying	  pictograms,	  explaining	  documentation	  process	  
The	  tool	  invited	  participants	  to	  “create	  their	  definition	  of	  self-­‐creation	  and	  making”	  (Phillips.	  R,	  
Baurley.	  S,	  Silve.	  S	  2013b).	  Each	  page	  also	  included	  the	  following	  questions	  (Figure	  56)	  for	  
participants	  to	  consider	  their	  personal	  “definition	  of	  self-­‐creation	  and	  making”	  processes:	  
	  
-­‐ This	  is	  making	  because?	  	  
-­‐ This	  is	  not	  making	  because?	  	  
-­‐ How	  often	  do	  you	  do	  this?	  	  
-­‐ How	  much	  experience	  do	  you	  need	  for	  this	  task?	  	  
-­‐ What	  skills	  enable/disable	  this	  process?	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Figure	  57,	  Spread	  of	  self-­‐creating	  &	  making	  probe,	  demonstrating	  the	  enlarged	  numbers	  
The	  questions	  in	  the	  tool	  intend	  to	  help	  participants	  to	  provide	  a	  rationale	  explaining	  their	  
photographs.	  As	  Mattelmäki	  describes,	  it	  was	  important	  to	  understand	  the	  contextual	  information	  
behind	  the	  documented	  data	  and	  storytelling	  as	  these	  elements	  are	  crucial	  and	  users	  can	  overlook	  
the	  importance	  of	  their	  data	  (Mattelmäki	  2006,	  6).	  The	  questions’	  aim	  is	  to	  help	  participants	  
document	  answers	  and	  ensure	  contextual	  information	  is	  provided,	  explaining	  their	  photographs,	  
background	  information	  and	  intentions.	  
4.12 Probe	  1	  Method:	  Recruitment	  and	  Distribution	  	  
Tool	  recruitment	  was	  conducted	  via	  on-­‐line	  BBKA	  beekeeping	  forums,	  Twitter,	  beekeeping	  magazine	  
adverts	  (www.bee-­‐craft.com)	  and	  participation	  invitations	  emailed	  to	  urban	  and	  countryside	  
beekeeping	  club	  secretaries	  throughout	  the	  United	  Kingdom.	  It	  was	  important	  to	  recruit	  through	  
both	  analogue	  and	  digital	  means	  in	  order	  to	  get	  a	  mixed	  demographic	  of	  technology	  and	  novice	  
users.	  There	  are	  beekeepers	  who	  are	  not	  BBKA	  members,	  but	  they	  are	  hard	  to	  locate	  because	  most	  
clubs	  and	  affiliates	  maintain	  BBKA	  membership	  for	  insurance	  purposes.	  Recruitment	  adverts	  
targeted	  hobbyists,	  not	  professionals,	  self-­‐selecting	  to	  participate	  because,	  as	  Kuznetsov	  and	  Paulos	  
state,	  “understanding	  the	  amateurs’	  motivations	  will	  highlight	  the	  requirements	  of	  information	  
required	  for	  the	  practical	  ‘layman’	  to	  deploy	  digital	  manufacture”	  (Kuznetsov,	  Paulos	  2010,	  12).	  
Participant	  selection	  followed	  a	  first	  come,	  first	  served	  approach,	  rather	  than	  geographically,	  
hierarchically	  or	  experience	  based	  criteria.	  	  
	  
Amateurs	  and	  user-­‐led	  making	  can	  support	  new	  opportunities	  that	  were	  previously	  unviable	  due	  to	  
scale	  or	  finance	  (Daniels	  2010),	  with	  the	  “hobbyist	  offer[ing]	  new	  insight	  to	  the	  custom	  requirements	  
of	  products”	  and	  the	  target	  audience	  of	  this	  grassroots	  study	  (Bie	  Prett	  2008,	  6).	  Amateurs	  also	  have	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a	  different	  set	  of	  motivations	  for	  participating	  based	  around	  interest	  and	  inquiry	  over	  financial	  or	  
monetary	  incentives.	  Email	  follow	  up	  contact	  reminded	  the	  participants	  of	  the	  need	  for	  completion	  
after	  six	  weeks	  of	  tool	  deployment.	  The	  participants	  involved	  were	  from	  mixed	  locations	  nationwide	  
(United	  Kingdom),	  of	  mixed	  ages	  over	  18	  years	  old	  and	  mixed	  gender,	  resulting	  in	  a	  wide	  but	  
‘targeted	  demographic’	  (Gaffney	  G	  2012,	  8).	  
4.13 Probe	  1	  Method:	  process	  of	  analysis	  
Gaver	  et	  al	  describe	  that	  probes	  “encourage	  subjective	  engagement,	  empathetic	  interpretation,	  and	  
a	  pervasive	  sense	  of	  uncertainty	  as	  positive	  values	  for	  design”	  (Gaver,	  Boucher	  et	  al.	  2004,	  5).	  This	  
sense	  of	  uncertainty	  can	  provoke	  results	  that	  are	  surprising	  or	  outside	  the	  author’s	  consideration.	  In	  
Do	  it	  Yourself:	  Democracy	  and	  Design,	  Atkinson	  defines	  the	  recent	  prolific	  occurrence	  of	  DIY	  design	  
(Atkinson	  2006,	  3).	  Atkinson	  classifies	  historical	  DIY	  movements	  into	  the	  following	  groups:	  pro-­‐
active,	  reactive,	  essential	  and	  lifestyle	  DIY	  (Atkinson	  2006,	  4-­‐7).	  To	  enable	  the	  surprising	  nature	  of	  
probe	  results,	  the	  author	  used	  Atkinson’s	  classifications	  of	  DIY	  to	  analyse	  the	  results	  of	  the	  self-­‐
creating	  &	  making	  (probe	  1).	  The	  following	  categories	  were	  used	  as	  headings	  from	  Do	  it	  Yourself:	  
Democracy	  and	  Design	  to	  classify	  and	  group	  the	  data	  received	  from	  participants	  (Atkinson	  2006,	  3): 
-­‐ Making	  in	  the	  everyday/essential	  need	  
-­‐ Making	  for	  everyday	  improvement	  
-­‐ Making	  for	  demonstrating	  skill	  
-­‐ Making	  for	  bespoke	  requirement	  
-­‐ Making	  for	  financial	  requirements	  
-­‐ Making	  for	  re-­‐appropriation	  
-­‐ Making	  for	  documentation	  
-­‐ Making	  for	  secondary	  use	  
Recapping	  from	  the	  methodology	  section	  and	  peer-­‐reviewed	  publication	  The	  Practical	  Maker:	  
Investigating	  the	  Definitions	  and	  Requirements	  of	  and	  Exploring	  the	  Motivations	  Behind	  Bespoke	  
Making	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  2013b),	  insights	  from	  the	  self-­‐creating	  &	  making	  probe	  which	  
have	  been	  excluded	  from	  this	  thesis	  included:	  knitting,	  hand	  crafting	  of	  cards,	  the	  making	  of	  social	  
relationships,	  assembling	  children’s	  toys,	  laundry,	  applying	  cosmetics,	  mundane	  battery	  changes	  to	  
make	  a	  product	  work,	  bed	  making,	  food	  preparation,	  household	  chores	  and	  drawings	  by	  young	  
children	  that	  were	  too	  young	  to	  explain	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  2013b,	  4).	  These	  were	  not	  
included	  due	  to	  the	  lack	  of	  information	  from	  participants	  or	  the	  perceived	  mundane	  nature	  of	  the	  
insights	  by	  the	  author.	  The	  results	  may	  seem	  tangential	  from	  beekeeping,	  but	  they	  demonstrate	  
parallels	  of	  beekeepers’	  current	  activities.	  
4.14 Probe	  1	  Method:	  Summary	  	  
The	  tool	  was	  designed	  and	  distributed	  to	  amateur	  beekeepers	  throughout	  the	  United	  Kingdom.	  The	  
intention	  was	  to	  gain	  insights	  and	  understand	  what	  non-­‐professional	  beekeepers	  currently	  make	  and	  
their	  ‘definition	  of	  self-­‐creating	  and	  making’.	  The	  objective	  was	  to	  extend	  opinions	  beyond	  the	  
author’s	  perspective	  with	  a	  targeted	  demographic	  (beekeepers)	  familiar	  with	  the	  practice	  of	  craft	  
and	  making	  in	  their	  own	  field.	  It	  was	  important	  to	  ground	  future	  approaches	  in	  current	  methods	  of	  
‘making’	  to	  understand	  transferable	  skills,	  needs,	  perceived	  value,	  relevance	  and	  individual	  
perspectives	  from	  their	  own	  environment.	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4.15 Results	  Study	  1,	  self-­‐creating	  &	  making	  probe:	  Probe	  1	  
4.16 Probe	  1:	  Objective	  
The	  self-­‐creating	  &	  making	  probe	  (probe	  1)	  was	  a	  research	  tool	  gathering	  data	  from	  amateur	  
beekeepers,	  unearthing	  their	  tacit	  knowledge	  of	  making.	  Design	  probes	  are	  “objects,	  physical	  
packets	  containing	  open-­‐ended,	  provocative	  and	  oblique	  tasks	  to	  support	  early	  participant	  
engagement	  within	  the	  design	  processes”	  (Boehner,	  Vertesi	  et	  al.	  2007,	  1078).	  One	  hundred	  probes	  
were	  distributed,	  sixty	  were	  completed	  and	  returned.	  The	  resultant	  data	  is	  not	  specifically	  applied	  to	  
beekeeping	  activities.	  Each	  Probe	  1	  insight	  from	  the	  participants	  has	  been	  included	  i.e.	  twenty	  
insights	  per	  participant.	  Every	  insight	  holds	  an	  individual	  value,	  i.e.	  1,260	  insights	  from	  all	  of	  the	  
participants.	  The	  most	  salient	  results	  have	  been	  included	  with	  their	  imagery,	  within	  appropriate	  
definitions.	  
	  
	   Making	  for	  
demonstrating	  
skill	  
Making	  for	  
bespoke	  
requirements	  
Making	  for	  
financial	  
requirements	  
Making	  for	  re-­‐
appropriation	  
Making	  for	  
documentation	  
Making	  for	  
everyday	  
improvement	  
Making	  
for	  
secondary	  
use	  
Making	  
for	  
essential	  
need	  
Making	  for	  
demonstrating	  
skill	  
8	   6	   43	   0	   11	   0	   0	   0	  
Making	  for	  
bespoke	  
requirements	  
98	   198	   52	   102	   2	   0	   0	   1	  
Making	  for	  
financial	  
requirements	  
2	   87	   102	   186	   5	   0	   0	   2	  
Making	  for	  re-­‐
appropriation	   4	   39	   3	   92	   23	   0	   0	   0	  
Making	  for	  
documentation	   8	   9	   29	   20	   7	   0	   0	   0	  
Making	  for	  
everyday	  
improvement	  
0	   3	   2	   0	   2	   18	   0	   0	  
Making	  for	  
secondary	  use	   4	   0	   3	   0	   0	   0	   5	   0	  
Making	  for	  
essential	  need	   0	   0	   0	   0	   3	   0	   0	   11	  
Table	  2,	  Insights	  from	  the	  self-­‐creating	  &	  making	  probe	  (probe	  1)	  
4.17 Probe	  1	  Results:	  Category	  1,	  Making	  for	  Demonstrating	  Skill	  
Definition	  
Making	  processes,	  demonstrating	  skills,	  include	  exercising	  skills	  for	  personal	  learning,	  to	  gain	  
knowledge	  of	  a	  process,	  or	  inspire	  craft	  in	  making	  examples;	  using	  difficult	  tools,	  craft	  processes	  for	  
presents,	  mark	  making,	  alcohol	  brewing,	  stone	  carving,	  where	  people	  are	  “going	  beyond	  the	  act	  of	  
making	  and	  considering	  craftsmanship”	  (Potter	  1980,	  12).	  Eight	  participants	  documented	  insights	  
within	  making	  for	  demonstrating	  skill.	  
	  
Selected	  Results	  
Participant	  031:	  documented	  mark	  making	  produced	  for	  their	  child	  (Figure	  58).	  The	  participant	  was	  
emulating	  wildlife	  tracks	  in	  the	  snow,	  training	  their	  child	  to	  identify	  them.	  The	  marks	  were	  made	  
with	  sticks	  found	  at	  the	  scene	  and	  demonstrated	  tremendous	  control	  by	  the	  individual.	  This	  insight	  
concerns	  the	  ‘semi-­‐permanent	  nature	  of	  objects’,	  their	  meanings	  and	  symbolism.	  In	  the	  description	  
the	  participant	  explained	  the	  concept	  of	  ‘making	  marks	  and	  identifying	  their	  processes’.	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Figure	  58,	  Marks	  made	  in	  the	  snow	  
Whilst	  this	  insight	  is	  not	  directly	  concerned	  with	  the	  fabrication	  of	  goods,	  it	  does	  draw	  relevance	  to	  
the	  research	  question.	  The	  insight	  opened	  locational	  context	  in	  which	  a	  product	  is	  situated,	  the	  
surrounding	  environment	  and	  its	  impact.	  The	  insight	  provokes	  the	  creation	  of	  objects	  that	  exist	  for	  a	  
period	  of	  time,	  meeting	  a	  need,	  and	  then	  disappear.	  	  
 
Participant	  030:	  demonstrated	  skills	  learnt	  from	  online	  video	  tutorials	  of	  stone	  masonry,	  developing	  
a	  new	  skill	  set	  from	  something	  they	  were	  driven	  to	  make	  (Figure	  59).	  Participant	  030	  had	  taught	  
themselves	  to	  carve	  stone,	  for	  no	  other	  reason	  than	  ‘she	  wanted	  to	  learn	  a	  skill	  that	  was	  useful’.	  The	  
stone	  carving	  demonstrated	  shows	  skill	  and	  control	  for	  an	  amateur	  without	  training.	  The	  
participant’s	  description	  documents	  that	  their	  constructed	  wall	  (Figure	  60)	  is	  next	  to	  a	  footpath	  by	  
their	  village,	  not	  on	  their	  property.	  The	  participant	  continued	  to	  comment	  that	  they	  spend	  3	  or	  4	  
weeks	  a	  year	  renovating	  village	  walls	  as	  a	  volunteer	  for	  no	  other	  reason	  than	  to	  ‘improve	  their	  
surroundings	  for	  themselves	  and	  others’.	  	  
	  
Figure	  59,	  User	  documenting	  stone	  carving	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  60,	  Dry	  stone	  wall	  making	  
The	  concept	  distilled	  from	  this	  insight	  is	  the	  knowledge	  required	  to	  repair	  objects.	  The	  participant	  
did	  not	  previously	  have	  the	  knowledge	  to	  repair	  objects	  but	  had	  the	  cause	  to	  learn.	  The	  act	  of	  
making	  was	  also	  not	  purely	  motivated	  by	  personal	  intentions	  but	  promoted	  for	  the	  community	  that	  
surrounded	  them.	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4.18 Probe	  1	  Results:	  Category	  2,	  Making	  for	  Bespoke	  Requirements	  
Definition	  
This	  territory	  included	  making	  custom	  equipment	  currently	  uncatered	  for	  by	  manufacturers,	  
instructions	  for	  others,	  from	  instructional	  material	  created	  by	  someone	  else,	  “relying	  on	  skills	  of	  
accuracy	  for	  repeat	  reinterpretation	  of	  an	  object”	  ((Michael	  I	  et	  al.	  2011,	  828).	  Two	  hundred	  and	  one	  
participants	  documented	  insights	  of	  making	  for	  bespoke	  requirements.	  
	  
Selected	  Results	  
Participant	  032:	  made	  maps	  for	  future	  reference	  and	  comprehension	  by	  others	  of	  an	  archaeological	  
dig	  site	  (Figure	  61).	  This	  material	  was	  very	  specific.	  Relevant	  and	  bespoke	  signs	  and	  symbols	  were	  
created	  by	  the	  user	  (Figure	  62).	  The	  symbols	  created	  were	  particularly	  advanced	  and	  considered.	  
The	  symbols	  were	  only	  understood	  by	  the	  documenter,	  thus	  narrowing	  alternate	  user	  function	  and	  
limiting	  the	  further	  possibilities	  of	  the	  material	  produced.	  
	  
Figure	  61,	  Skeleton	  documentation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  62,	  Map	  documentation	  and	  creation	  
Participant	  015:	  making	  using	  CAD	  (Figure	  63),	  the	  participant	  was	  learning	  new	  skills	  to	  make	  
bespoke	  furniture	  plans,	  saving	  money	  and	  responding	  to	  bespoke	  needs	  (Figure	  64).	  The	  participant	  
described	  his	  CAD	  exploits	  as	  ‘making,	  even	  if	  virtual,	  it	  requires	  skill	  and	  there	  is	  little	  risk	  as	  one	  can	  
undo’.	  The	  participant	  reduced	  the	  risk	  of	  his	  constructions	  by	  digitally	  compiling	  them	  first.	  
	  
Figure	  63,	  CAD	  furniture	  plans	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  64,	  Participant	  tools	  
Participant	  004:	  documented	  hedgerow	  making	  and	  creating	  bespoke	  objects	  to	  create	  a	  
growing/organic	  environment	  (Figure	  65).	  The	  hedgerow	  making	  addressed	  the	  semi-­‐permanence	  of	  
an	  object	  or	  the	  possible	  legacy	  for	  the	  immediate	  environment,	  user,	  material	  or	  financial	  gain.	  The	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participant	  explained	  they	  had	  2	  days	  experience	  and	  learnt	  more	  skills	  by	  ‘doing’	  and	  practical	  
tasks.	  The	  construction	  of	  the	  fence	  also	  explored	  the	  use	  of	  an	  environment’s	  suitable	  material.	  The	  
fence	  material	  will	  slowly	  break	  down	  whilst	  supporting	  more	  natural,	  superseding	  replacements.	  
	  
Figure	  65,	  Construction	  of	  hedgerow	  making	  
Participant	  019:	  a	  set	  of	  instructions	  for	  a	  bird	  feeder	  adaption	  that	  the	  participant	  created	  to	  send	  
to	  his	  social	  group	  (Figure	  66).	  The	  participant	  makes	  the	  ‘bird	  feeder	  adaptions’	  to	  order	  for	  his	  
friends	  and	  family	  as	  the	  adaption	  reduces	  the	  amount	  of	  wasted	  bird	  seed	  (Figure	  67).	  This	  
adaption	  was	  made	  with	  a	  handheld	  drill	  and	  centre	  punch.	  	  
	  
Figure	  66,	  Birdfeeder	  under	  construction	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  67,	  Birdfeeder	  in	  use	  
Participant	  045:	  documented	  his	  ‘beeswax	  solar	  oven’.	  The	  device	  was	  constructed	  from	  
polycarbonate,	  offcuts	  of	  timber,	  a	  baking	  tray	  and	  an	  old	  margarine	  container.	  The	  baking	  tray	  was	  
filled	  with	  beeswax	  (Figure	  68),	  the	  polycarbonate	  lid	  was	  placed	  on	  top	  of	  the	  baking	  tray	  and	  the	  
entire	  construction	  was	  deployed	  directly	  under	  the	  sun	  in	  the	  participant’s	  garden.	  The	  solar	  oven	  
would	  then	  melt	  the	  beeswax	  offcuts	  into	  a	  solid	  block	  that	  could	  be	  sold,	  stored	  or	  gifted.	  The	  
beeswax	  was	  then	  post	  cured	  in	  the	  participant’s	  oven	  (Figure	  69).	  Participant	  045,	  annotated	  that	  
he	  had	  shared	  construction	  plans	  at	  local	  beekeeping	  meetings	  with	  friends	  and	  colleagues,	  not	  
willing	  to	  sell	  or	  manufacture	  them	  himself.	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Figure	  68,	  Bees	  wax	  oven	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  69,	  Post	  curing	  of	  beeswax	  
4.19 Probe	  1	  Results:	  Category	  3,	  Making	  for	  Financial	  Reasons	  
Definition	  
Making	  for	  financial	  reasons	  included	  making	  shoe	  repairs,	  allotment	  equipment,	  for	  personal	  retail,	  
and	  equipment	  for	  specific	  bespoke	  purposes.	  These	  were	  specific	  tasks	  that	  participants	  had	  
identified	  as	  having	  a	  ‘constructional	  element’	  that	  saved	  them	  money.	  One	  hundred	  and	  four	  
participants	  documented	  insights	  within	  this	  field.	  
	  
Participants’	  Selected	  Results	  
Participant	  036:	  Made	  products	  to	  sell	  internationally,	  considering	  shipping,	  durability	  and	  online	  
presence.	  The	  product	  was	  a	  hive	  tool	  for	  beekeepers,	  used	  to	  open	  hives	  and	  remove	  propolyis	  
(Figure	  70).	  The	  participant	  considered	  design	  values	  of	  ergonomics,	  manufacturing	  processes	  and	  
postage	  considerations	  with	  no	  formal	  design	  training.	  Participant	  036	  commented	  that	  he	  ‘cut	  out	  
the	  tool	  from	  sheet	  metal,	  deburred	  and	  ionised	  them’.	  He	  produced	  over	  100	  units	  and	  finished	  
them	  by	  hand	  filing.	  The	  participant	  did	  allude	  to	  cutting	  processes,	  but	  he	  produced	  a	  product	  that	  
suited	  his	  needs	  using	  accessible	  technology.	  The	  product	  was	  sold	  on	  eBay,	  reaching	  an	  
international	  audience	  (Figure	  71).	  
	  
Figure	  70,	  Hive	  tool	  post	  finishing	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  71,	  Hive	  tools	  eBay	  page	  
Participant	  042:	  documented	  a	  pet	  home	  constructed	  due	  to	  the	  financial	  cost	  of	  alternatives.	  The	  
participant	  thought	  that	  he	  could	  ‘do	  a	  better	  job	  than	  those	  available’	  in	  retail	  ‘for	  less	  money’	  
(Figure	  72).	  The	  participant	  stated	  he	  learnt	  skills	  through	  constructing	  beehives	  and	  translated	  the	  
assembly	  skills	  into	  making	  the	  outhouse	  and	  also	  furniture	  (Figure	  73).	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Figure	  72,	  Constructed	  outhouse	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  73,	  Self-­‐made	  furniture	  
4.20 Probe	  1	  Results:	  Category	  4,	  Making	  for	  Re-­‐Appropriation	  	  
Definition	  
Making	  for	  re-­‐appropriation	  concerns	  making	  equipment,	  treating	  products	  as	  components	  adapted	  
to	  suit	  new	  or	  uncatered	  for	  needs,	  called	  “hacking”	  (Doctorow	  2010).	  In	  these	  insights,	  participants	  
have	  adapted	  existing	  products	  for	  another	  purpose,	  of	  which	  the	  artefact’s	  creator	  might	  not	  have	  
been	  aware	  of.	  Ninety	  two	  participants	  documented	  insights	  in	  this	  area.	  
	  
Participants’	  Selected	  Results	  
Participant	  032:	  edited	  household	  objects	  for	  archaeological	  explorative	  purposes	  by	  hand	  shaping	  
artefacts	  to	  meet	  custom	  requirements	  (Figure	  74).	  Each	  tool	  had	  a	  specific	  purpose	  to	  which	  it	  was	  
tailored.	  These	  tools	  were	  adapted	  using	  a	  metal	  file	  and	  finishing	  paper,	  something	  that	  the	  
participant	  was	  not	  familiar	  with	  but	  was	  expert	  in	  using	  (Figure	  75).	  	  
	  
Figure	  74,	  Tools	  adapted	  from	  household	  items	  	  	  	  	  	  	  	  
Figure	  75,	  Tools	  in	  use	  
Participant	  028:	  used	  material	  offcuts	  to	  make	  their	  own	  beehives,	  requiring	  skill	  and	  access	  to	  tools	  
(Figure	  76).	  The	  construction	  used	  left	  over	  components	  from	  unused	  beehives,	  advancing	  their	  own	  
practices.	  The	  participant	  did	  not	  identify	  the	  material’s	  source.	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Figure	  76,	  Home-­‐made	  beehives	  adapted	  from	  extra	  components	  and	  material	  
4.21 Probe	  1	  Results:	  Category	  5,	  Making	  for	  Documentation	  of	  Knowledge	  
Definition	  
Making	  as	  a	  means	  to	  document	  knowledge,	  including:	  image	  making,	  recording	  and	  documenting	  
for	  third	  party	  use.	  This	  definition	  relates	  to	  documenting	  material	  that	  provided	  knowledge	  either	  
for	  another	  user	  or	  for	  their	  personal	  use.	  The	  act	  of	  ‘making’	  involves	  the	  act	  of	  documenting,	  
rather	  than	  just	  constructing	  physical	  objects.	  Seven	  participants	  documented	  insights	  within	  this	  
field.	  
	  
Participants’	  Selected	  Results	  
Participant	  035:	  making	  records	  of	  valuable	  Neolithic	  finds,	  including:	  location,	  object	  specifics	  and	  
predicted	  uses	  based	  on	  experience	  detailed	  for	  third	  party	  understanding	  (Figure	  77).	  The	  
participant	  made	  these	  records	  and	  was	  subsequently	  validated	  by	  a	  professional.	  The	  creation	  of	  
these	  documents	  were	  for	  the	  participant	  ‘to	  remember	  where	  they	  had	  come	  from’,	  stated	  within	  
their	  annotations.	  
	  
Figure	  77,	  Documented	  Neolithic	  finds	  
Participant	  020:	  documented	  the	  imparting	  of	  ‘making	  knowledge’	  (Figure	  78),	  teaching	  their	  
siblings	  to	  safely	  use	  a	  perceived	  dangerous	  tool	  (an	  axe);	  they	  communicated	  the	  correct	  method	  
by	  word	  of	  mouth	  and	  tuition	  (Figure	  79).	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Figure	  78,	  Teaching	  axe	  work	  to	  a	  younger	  sibling	  	  	  	  	  	  	  
Figure	  79,	  Stance	  practice	  
Participant	  022:	  Produced	  an	  observatory	  created	  by	  the	  user,	  demonstrating	  a	  tremendous	  amount	  
of	  technical	  skill	  from	  a	  hobbyist	  (Figure	  80).	  This	  was	  under	  taken	  in	  the	  quest	  for	  knowledge	  but	  it	  
also	  demonstrates	  what	  information	  users	  can	  gather	  or	  make,	  and	  demonstrates	  a	  motivation	  to	  
explore	  (Figure	  81).	  In	  an	  accompanying	  letter,	  the	  participant	  documented	  that	  he	  made	  this	  
construction	  during	  his	  retirement	  from	  online	  plans	  and	  constructional	  information.	  The	  participant	  
did	  not	  document	  his	  rationale	  for	  the	  construction	  or	  his	  interest	  in	  astronomy.	  The	  resultant	  
images	  show	  that	  great	  things	  can	  be	  achieved	  by	  lay	  users	  from	  accessible	  resources	  (Figure	  82).	  
	  
Figure	  80,	  Constructed	  observatory	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  81,	  Observatory	  interior	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Figure	  82,	  Photograph	  taken	  from	  participant’s	  constructed	  telescope	  
Participant	  028:	  engaged	  in	  image	  making	  for	  species	  conservation,	  classified	  as	  making	  ‘notes’	  by	  
the	  user.	  This	  information	  was	  shared	  as	  part	  of	  wider	  community	  information	  gathering	  and	  making	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(Figure	  83).	  This	  exercise	  also	  involved	  an	  inspection	  of	  a	  nest	  to	  ensure	  it	  was	  adequately	  
constructed	  by	  the	  avian	  first	  time	  parents	  (Figure	  84).	  The	  documenting	  process	  was	  not	  for	  the	  
individual’s	  benefit;	  they	  stated:	  ‘it	  was	  simply	  an	  interesting	  hobby	  that	  others	  could	  benefit	  from’.	  
This	  insight	  promotes	  what	  a	  motivated	  user	  can	  do	  in	  contributing	  towards	  a	  wider	  community.	  	  
	  
Figure	  83,	  Bird	  ringing	  ‘making	  notes’	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  84,	  Observed	  birds	  nest	  
Participant	  028:	  produced	  notes	  on	  the	  birds	  seen	  that	  day	  (Figure	  85)	  by	  making	  detailed	  sketches,	  
using	  analogue	  documentation	  for	  the	  pleasure	  of	  making.	  The	  participant	  stated	  he	  had	  not	  had	  
any	  formal	  art	  training	  and	  he	  would	  rather	  ‘draw	  than	  take	  a	  photo	  as	  it	  is	  more	  personal’.	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Figure	  85,	  Observed	  birds	  notes	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4.22 Probe	  1	  Results:	  Category	  6,	  Making	  for	  Everyday	  Improvement	  
Definition	  
Tasks	  including:	  furniture	  making,	  gym	  equipment	  construction,	  musical	  instrument	  making	  and	  
home	  improvement,	  are	  enhancing	  the	  environment	  that	  they	  are	  contextually	  based	  within.	  
	  
Participants’	  Selected	  Results	  
Participant	  025:	  documented	  a	  loft	  conversion;	  the	  participant	  paid	  a	  contractor	  to	  carry	  out	  the	  
work,	  but	  referred	  to	  it	  as	  ‘them	  making	  and	  their	  construction’	  (Figure	  86).	  Just	  because	  one	  pays	  
for	  the	  fabrication	  of	  an	  object,	  raised	  the	  insight	  into	  how	  involved	  you	  are	  in	  that	  making	  process.	  	  
	  
Figure	  86,	  Loft	  conversion	  
4.23 Probe	  1	  Results:	  Category	  7,	  Making	  in	  the	  Everyday/Essential	  Need	  
Definition	  
The	  everyday/essential	  need	  defined	  by	  repetitive	  tasks	  that	  are	  required	  on	  a	  daily	  basis	  for	  the	  
smooth	  running	  of	  a	  particular	  environment,	  reinforcing	  the	  ideal	  of	  “design	  meets	  need”	  
(Atkinson.	  2006).	  Tasks	  included	  the	  making	  of	  beds,	  conserves,	  journeys,	  telephone	  calls,	  washing,	  
fire,	  exercise,	  routine,	  prescription	  drugs	  and	  equipment	  renovation.	  
	  
Participants’	  Selected	  Results	  
Participant	  025:	  was	  focused	  on	  routine	  making,	  including	  pharmaceuticals	  and	  diabetes	  medication	  
to	  ensure	  the	  day’s	  health	  and	  well-­‐being	  (Figure	  87).	  This	  was	  classified	  in	  their	  text	  as	  ‘making	  
necessities’	  that	  they	  relied	  on	  for	  daily	  life.	  Making	  necessities	  is	  dependent	  upon	  context	  and	  
location;	  this	  view	  of	  making	  is	  about	  critical	  aspects	  of	  everyday	  life	  (Figure	  88).	  
	  
Figure	  87,	  Diabetes	  medicine	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  88,	  Food	  intake	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Participant	  022:	  focused	  on	  meal	  making	  (Figure	  89)	  and	  collecting	  materials	  for	  the	  meal,	  in	  which	  
the	  firearms	  (Figure	  90)	  were	  seen	  as	  tools	  within	  the	  user’s	  daily	  routine.	  This	  revealed	  inspiring	  
approaches	  to	  and	  perceptions	  of	  food	  and	  nutrition,	  and	  specifically	  how	  it	  is	  made	  or	  ‘caught’.	  
There	  are	  different	  skills	  within	  the	  confines	  of	  different	  users’	  definitions	  of	  everyday	  making:	  the	  
preparation,	  the	  practice,	  and	  knowledge	  of	  their	  environment.	  
	  
Figure	  89,	  Gathered	  food	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  90,	  Tools	  for	  gathering	  
4.24 Probe	  1	  Results:	  Category	  8,	  Making	  for	  Secondary	  Use	  
Definition	  
Making	  an	  environment	  that	  has	  specific	  requirements	  for	  a	  secondary	  function.	  These	  examples	  
included	  curating	  a	  garden	  that	  others	  can	  benefit	  from.	  	  
	  
Participants’	  Selected	  Results	  
Participant	  005:	  editing	  the	  environment	  of	  their	  garden	  to	  suit	  their	  hobby	  (beekeeping),	  ‘carefully	  
selecting	  flowers	  to	  flavour	  the	  honey	  and	  provide	  bee	  health’	  (Figure	  91).	  The	  participant	  tailored	  
their	  environment	  for	  a	  specific	  outcome,	  making	  for	  a	  subsidiary	  effect	  (Figure	  92).	  	  
	  
Figure	  91,	  Seedlings	  	  	  	  
Figure	  92,	  Growing	  environment	  for	  bee	  health	  
4.25 Probe	  1	  Results:	  Summary	  
Within	  this	  study,	  the	  participants’	  need	  for	  making	  had	  clarity,	  due	  to	  the	  applications	  and	  
motivations	  that	  the	  participants	  had	  prior	  to	  the	  study,	  supporting	  their	  interests.	  Prototype	  
exploration	  and	  editing	  in	  the	  sense	  of	  professional	  design	  iteration	  was	  rare	  in	  the	  study.	  The	  lack	  of	  
prototyping	  could	  be	  based	  on	  the	  skill	  that	  the	  participants	  already	  possessed.	  Participants	  quickly	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identified	  and	  established	  a	  limit	  where	  a	  ‘made’	  solution	  will	  serve	  their	  purpose.	  In	  A	  Compendium	  
of	  Models,	  Dubberly	  documents	  many	  design	  models,	  including	  JJ	  Foreman	  (1967)	  and	  the	  “problem,	  
solution”	  model	  where	  designers	  iterate	  their	  solution	  (Dubberly	  2014,	  14).	  The	  design	  process	  (by	  
professionals)	  is	  iterative	  and	  observes	  multiple	  optimisations	  rather	  than	  the	  probe	  insight	  of	  solo	  
over-­‐engineering	  to	  ensure	  functionality	  and	  longevity	  on	  the	  creation.	  The	  study	  documented	  that	  
(included)	  users	  have	  diverse	  skill	  sets	  and	  are	  capable	  of	  ‘making’.	  The	  term	  ‘homemade’	  should	  
become	  ‘home-­‐designed’,	  as	  many	  participants	  used	  digital	  tools	  to	  aid	  their	  constructions.	  	  
The	  study	  identified	  that	  beekeepers	  already	  ‘make’	  and	  construct	  artefacts	  for	  their	  own	  needs,	  
adapting	  object,	  constructing	  objects	  from	  scratch	  and	  are	  able	  to	  make	  simple	  analogue	  objects.	  
The	  Probe	  1	  study	  informed	  the	  next	  activity	  by	  narrowing	  the	  questioning	  to	  beekeeping	  activities	  
and	  presenting	  the	  rationale	  to	  explore	  what	  they	  would	  like	  to	  make,	  rather	  than	  what	  they	  
currently	  construct.	  The	  results	  demonstrated	  that	  the	  participants	  had	  the	  requirements	  to	  
construct	  their	  objects	  with	  limited	  knowledge	  and	  that	  they	  sought	  information	  to	  extend	  their	  
learning	  through	  online	  resources.	  The	  participating	  beekeepers	  were	  motivated	  to	  construct	  their	  
own	  objects	  to	  meet	  bespoke,	  retail	  and	  needs	  that	  were	  unmet.	  The	  means	  that	  the	  beekeepers	  
currently	  used	  to	  make	  were	  analogue	  physical	  prototyping,	  sharing	  their	  experiences	  through	  
photographs,	  emails	  and	  word	  of	  mouth.	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4.26 Study	  2,	  Bee	  Ethnography	  	  
Sub	  question:	  What	  artefacts	  do	  non-­‐professional	  beekeepers	  make	  or	  re-­‐
appropriate	  directly	  related	  to	  the	  practice	  of	  keeping	  bees?	  
4.27 Ethnography	  Method:	  Objective	  
When	  designing	  for	  people,	  communities	  or	  demographics	  it	  is	  important	  to	  understand	  the	  
contextual	  information	  and	  ramifications	  surrounding	  perceived	  product	  requirements	  and	  users’	  
aspirations.	  To	  contextualise	  beekeepers	  activities	  and	  current	  product	  usage,	  indepth	  
observation(s)	  of	  “in	  the	  field”	  praxis	  of	  amateur	  beekeepers	  was	  required	  (Hammersley,	  Atkinson	  
2007,	  3).	  The	  objective	  of	  observing	  ‘in	  the	  field’	  practice	  was	  to	  understand	  what	  non-­‐professional	  
beekeepers	  make	  or	  re-­‐appropriate	  directly	  related	  to	  the	  practice	  of	  beekeeping.	  This	  in	  turn	  
provides	  the	  author	  with	  empathy	  and	  understanding	  as	  participants	  can	  explain	  the	  importance	  of	  
activities,	  and	  emotive	  contexts.	  	  
Ethnography	  imparts	  real	  world	  “everyday	  contexts,	  rather	  than	  conditions	  created	  by	  researchers”,	  
providing	  live	  participant	  led	  insights	  (Hammersley,	  Atkinson	  2007,	  3).	  Ethnography	  insights	  can	  be	  
translated	  into	  design	  outcomes,	  through	  iterative	  design	  processes.	  The	  importance	  of	  
ethnographic	  study	  ensures	  future	  design	  outcomes	  are	  grounded	  by	  observations	  within	  real	  world	  
contexts.	  The	  objective	  is	  to	  use	  ethnographic	  practice	  to	  contextually	  understand	  beekeeping	  
situations	  and	  amateur	  constructions	  first	  hand.	  These	  insights	  can	  be	  translated	  into	  design	  
proposals	  with	  participants	  or	  project	  stakeholders.	  
4.28 Ethnography:	  Methodological	  Limitations	  
The	  study	  was	  restricted	  to	  one	  researcher	  with	  the	  fixed	  locality	  of	  the	  south	  east	  of	  England	  due	  to	  
budgetary	  constraints,	  whilst	  maintaining	  contact	  with	  a	  diverse	  assortment	  of	  urban	  and	  
countryside	  beekeeping	  practitioners.	  
4.29 Ethnography	  Method:	  Study	  Group	  
The	  study	  group	  self-­‐selected	  to	  participate.	  The	  study	  group	  comprised	  local	  beekeepers	  and	  BBKA	  
members.	  The	  group	  met	  independently	  once	  bi-­‐weekly	  during	  the	  beekeeping	  season.	  The	  study	  
group	  ranged	  in	  demographic	  from	  18-­‐85,	  both	  male	  and	  female.	  	  	  
4.30 Ethnography	  Method:	  Design	  Rationale,	  Understanding	  the	  Capabilities	  of	  the	  Users	  	  
The	  author	  became	  a	  subscribed	  member	  of	  a	  beekeeping	  group	  and	  the	  BBKA	  for	  insurance	  
purposes	  and	  acceptance	  by	  gatekeepers.	  Over	  the	  course	  of	  the	  ethnography	  study,	  the	  author	  
observed	  the	  day-­‐to-­‐day	  praxis	  of	  urban	  and	  countryside	  beekeepers,	  building	  on	  Hanington’s	  
assessment	  that	  exploratory	  research	  should	  “understand	  the	  users’	  world,	  their	  daily	  routines,	  
challenges,	  needs,	  desires,	  interactions	  and	  environmental	  contexts”	  (Hanington,	  Martin	  2012,	  82).	  	  
The	  study	  used	  the	  ethnographic	  practice	  of	  “shadowing”	  (Milton,	  A	  et	  al.	  2013,	  22)	  and	  “narration”	  
(IDEO	  2003)	  primarily	  to	  observe	  current	  making	  practices	  and	  investigate	  possible	  design	  
opportunities,	  questioning	  participants’	  activities	  when	  necessary.	  In	  Research	  Methods	  for	  Product	  
Design,	  Milton	  et	  al	  describe	  shadowing	  as	  “a	  method	  that	  involves	  a	  researcher	  closely	  following	  an	  
individual	  or	  small	  team	  within	  an	  organisation	  over	  a	  predefined	  period	  of	  time”	  (Milton,	  A	  et	  al.	  
2013,	  26).	  Milton	  et	  al	  define	  rules	  for	  ethnographic	  shadowing	  methods:	  	  
1. Never	  go	  in	  cold,	  get	  to	  know	  the	  organisation	  and	  individuals	  you	  are	  shadowing.	  
2. Take	  regular	  notes,	  writing	  as	  much	  as	  you	  can.	  
3. Evaluate	  your	  notes	  at	  the	  end	  of	  each	  shadowing	  session	  (Milton,	  A	  et	  al.	  2013,	  26).	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The	  author	  drew	  on	  Milton	  et	  als’	  shadowing	  rules	  and	  combined	  them	  with	  some	  of	  their	  general	  
design	  ethnography	  practices.	  	  
1. Ethnography	  is	  not	  about	  asking	  questions,	  but	  listening	  to	  answers.	  
2. Ethnography	  should	  delve	  deeply	  into	  the	  lives	  of	  a	  few	  people	  rather	  than	  study	  people	  
superficially.	  
3. Ethnography	  involves	  studying	  people’s	  behaviours	  and	  experiences	  holistically	  in	  daily	  life.	  
4. Make	  good	  use	  of	  photos	  and	  other	  visual	  material	  (Milton,	  A	  et	  al.	  2013,	  22).	  
The	  combination	  of	  shadowing	  and	  photography,	  borrowed	  from	  design	  ethnography	  practice,	  
produces	  a	  more	  indepth	  shadowing	  process	  that	  the	  author	  could	  review	  visually	  with	  the	  
participant(s).	  	  
4.31 Ethnography	  Method:	  Included	  Topics	  
The	  study	  included	  observations	  of	  equipment	  and	  hive	  environment	  preparation,	  the	  day-­‐to-­‐day	  
act	  of	  hive	  inspections	  with	  seasonal	  variation,	  disease	  diagnosis,	  swarm	  collection,	  bees	  and	  public	  
engagement,	  hacked	  equipment	  and	  the	  contextual	  praxis	  of	  amateurs	  monitoring	  bees	  for	  honey	  
production.	  The	  study’s	  interests	  were	  in:	  daily	  and	  seasonal	  activities,	  individuals’	  hive	  and	  colony	  
knowledge,	  knowledge	  participants	  openly	  shared,	  beekeepers	  equipment	  and,	  specifically,	  
beekeepers	  equipment	  that	  had	  been	  adapted,	  re-­‐appropriated	  or	  created	  by	  themselves	  without	  
design	  training.	  The	  objective	  also	  followed	  Milton	  et	  al’s	  rule	  one	  in	  general	  ethnography:	  
“ethnography	  is	  not	  about	  asking	  questions,	  but	  listening	  to	  answers”	  (Milton,	  A	  et	  al.	  2013,	  22).	  
These	  observational	  territories	  were	  not	  initially	  shared	  with	  the	  participants	  as	  it	  wanted	  to	  clarify	  
them	  as	  natural	  behaviour	  first,	  rather	  than	  forcing	  ideals	  complying	  with	  Milton	  et	  al’s	  rule	  one.	  
4.32 Ethnography	  Method:	  Documentation	  
During	  the	  entire	  ethnographic	  study,	  the	  observed	  participants	  kept	  “diaries”,	  accruing	  
documentation	  when	  researchers	  were	  absent	  (Milton,	  A	  et	  al.	  2013,	  24).	  Participants	  predicted	  
activities	  to	  be	  included	  in	  the	  study,	  influencing	  the	  ethnographic	  territory.	  	  Participants’	  diaries	  
drew	  lessons	  from	  photo	  diaries	  as	  they	  “are	  highly	  effective	  ways	  of	  collecting	  observational,	  
visually	  rich	  data”	  (Milton,	  A	  et	  al.	  2013,	  24).	  Conventional	  “photographic	  diary”	  practice	  requires	  
the	  participant	  to	  undergo	  defined	  tasks	  whilst	  documenting	  them	  (Milton,	  A	  et	  al.	  2013,	  24).	  This	  
practice	  was	  to	  document	  their	  perspective	  when	  researchers	  were	  absent.	  Diaries	  were	  issued	  after	  
the	  main	  briefing	  and	  initial	  ethnographic	  sessions	  had	  taken	  place.	  	  
The	  study	  took	  place	  over	  an	  entire	  beekeeping	  season	  (March	  -­‐	  August).	  This	  included	  swarm	  
collection,	  a	  voluntary	  service	  offered	  to	  local	  communities	  by	  the	  local	  beekeeping	  group,	  collecting	  
erroneous	  swarms	  of	  bees,	  often	  from	  public	  locations.	  Forty	  participants	  self-­‐selected	  to	  participate	  
in	  the	  study	  with	  ten	  main	  active	  members	  as	  “generally	  fairly	  small-­‐scale,	  perhaps	  a	  single	  setting	  or	  
group,	  facilitate[s]	  an	  in-­‐depth	  study”,	  providing	  more	  depth	  (Hammersley,	  Atkinson	  2007,	  3).	  	  
4.33 Ethnography	  Method:	  Codes	  of	  Conduct	  
In	  ‘Secrecy,	  Trust,	  and	  Dangerous	  Leisure:	  Generating	  Group	  Cohesion	  in	  Voluntary	  Organizations’	  
Fine	  dictates	  that	  ethnography	  practice	  requires	  “trust	  and	  secrecy	  [to]	  operate	  by	  regulating	  
information”	  between	  both	  parties,	  the	  observer	  and	  the	  observed	  (Fine,	  Holyfield	  1996,	  28).	  
Adhering	  to	  Fines’	  guideline,	  a	  seminar	  was	  conducted	  with	  the	  studies	  group,	  defining:	  study	  
intentions,	  author’s	  commercial	  practice	  and	  ethical	  codes	  of	  conduct.	  	  The	  seminar	  grounded	  the	  
study	  within	  professional	  practice,	  building	  trust	  between	  gatekeepers	  and	  consolidating	  protocols	  
continued	  throughout	  the	  study.	  	  
	  
Apiary	  sites	  are	  protected	  by	  beekeepers	  as	  “bee	  hives	  are	  expensive	  commodities”	  (Cramp	  2011,	  
26).	  So	  it	  was	  imperative	  to	  define	  ‘codes	  of	  conduct’	  for	  apiary	  ethnography	  sessions.	  	  The	  codes	  of	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conduct	  included	  researcher’s	  photography	  practice,	  equipment	  /clothing	  hygiene	  and	  data	  
publishing	  from	  the	  study’s	  initiation.	  It	  was	  also	  imperative	  to	  ensure	  there	  was	  no	  undue	  attention	  
brought	  to	  the	  participant’s	  apiary	  location	  as	  a	  result	  of	  ethnographic	  activities.	  	  
The	  ‘codes	  of	  conduct’	  for	  the	  bee	  ethnography	  sessions	  were	  protecting	  beehive	  locations,	  ensuring	  
researcher’s	  equipment	  and	  beekeeping	  protective	  apparel	  were	  always	  clean	  and	  imagery	  or	  data	  
would	  be	  screened	  by	  relevant	  participants.	  This	  meant	  photography	  had	  to	  be	  carefully	  taken,	  
adhering	  to	  the	  code	  and	  not	  divulging	  apiary	  locations.	  Prior	  to	  apiary	  visits,	  the	  author	  had	  to	  
demonstrate	  “good	  hygiene”	  with	  unsoiled	  footwear,	  freshly	  laundered	  protective	  suits	  and	  the	  use	  
of	  disposable	  gloves	  (Cramp	  2011,	  23).	  These	  equipment	  fundamentals	  were	  imperative	  as	  they	  
reduce	  the	  spread	  of	  bee-­‐related	  diseases	  (The	  British	  Beekeeping	  Association	  2012),	  show	  respect	  
for	  hosts	  and	  consequently	  build	  trust,	  aligning	  to	  Fine’s	  ethnographic	  theories	  (Fine,	  Holyfield	  1996,	  
28).	  
4.34 Ethnography	  Method:	  Participants	  
Participants	  were	  not	  offered	  financial	  incentives	  to	  participate	  in	  the	  ethnography	  sessions.	  They	  
were	  motivated	  by	  their	  interest	  in	  Open	  Design	  (presented	  in	  the	  seminar)	  and	  the	  possibility	  that	  
observations	  might	  manifest	  as	  tangible	  design	  proposals.	  In	  Going	  Back	  and	  Giving	  Back;	  The	  Ethics	  
of	  Staying	  in	  the	  Field,	  Rupp	  and	  Taylor	  comment	  on	  the	  sustained	  relationship	  that	  is	  required	  from	  
ethnography	  to	  not	  “overlook	  challenges,	  concerns	  unexpected	  insights	  and	  ethical	  dilemmas”	  
(Rupp,	  Taylor	  2011,	  484).	  The	  study	  was	  continually	  honest	  with	  participants	  and	  often	  revisited	  
questions	  over	  a	  period	  of	  time,	  adhering	  to	  Rupp	  and	  Taylor’s	  theories.	  	  
	  
The	  self-­‐selecting	  participants	  were	  also	  motivated	  to	  participate	  by	  sharing	  their	  knowledge	  with	  an	  
interested	  party,	  gaining	  some	  of	  the	  author’s	  manufacturing	  knowledge	  relevant	  to	  their	  practice	  
and	  the	  possible	  trajectory	  of	  bee	  related	  product	  outcomes	  from	  the	  entire	  project.	  As	  Hammersley	  
states	  “obtaining	  access	  to	  the	  data	  looms	  largely	  in	  ethnography”	  (Hammersley,	  Atkinson	  2007,	  41).	  
To	  gain	  access,	  it	  was	  important	  to	  gain	  trust	  from	  the	  best	  and	  oldest	  respected	  beekeepers	  in	  the	  
group.	  These	  gatekeepers	  and	  ‘experienced	  hands’	  were	  regarded	  with	  a	  hierarchical	  status	  among	  
novices	  within	  the	  group.	  The	  experienced	  hands’	  trust	  was	  gained	  by	  continuously	  feeding	  back	  to	  
them	  photographic	  material	  for	  their	  newsletter	  and	  personal	  interest.	  The	  author’s	  knowledge	  of	  
manufacturing	  processes	  was	  regularly	  traded	  for	  participants	  to	  use	  on	  their	  adaptions	  and	  
creations,	  again	  building	  on	  Rupp	  and	  Taylor’s	  processes	  (Rupp,	  Taylor	  2011).	  
4.35 Ethnography	  Method:	  Routine	  Processes	  
Ethnography	  sessions	  occurred	  weekly,	  sometimes	  daily,	  if	  ‘swarm	  patrol’	  was	  called	  out	  to	  a	  local	  
swarm	  collecting	  occurrence.	  The	  author	  was	  available	  during	  the	  working	  week,	  but	  most	  of	  the	  
ethnography	  sessions	  occurred	  during	  weekends.	  The	  ethnography	  sessions	  would	  normally	  start	  at	  
the	  participants’	  apiaries	  with	  their	  daily	  schedule	  of	  tasks	  based	  on	  weather	  conditions.	  Day-­‐long	  
ethnography	  sessions	  were	  usually	  required,	  giving	  participants	  the	  opportunity	  to	  relax	  with	  the	  
process,	  speak	  honestly	  and	  build	  trust.	  Hive	  inspections	  usually	  occurred	  during	  the	  hottest	  time	  of	  
the	  day	  (13:00)	  to	  reduce	  the	  impact	  on	  colonies.	  The	  “hive’s	  [optimum]	  temperature	  of	  32-­‐36	  
degrees”	  is	  reduced	  when	  hives	  are	  opened	  and	  examined,	  so	  the	  hottest	  part	  of	  the	  day	  was	  
appropriate	  in	  maintaining	  participants’	  and	  colonies’	  contentment	  (Cramp	  2011,	  62).	  	  
Every	  ethnography	  session	  would	  start	  with	  a	  briefing	  (initiated	  by	  the	  author)	  given	  by	  the	  
participant,	  gaining	  an	  overview	  of	  the	  day’s	  expected	  activities.	  The	  briefing	  would	  highlight	  points	  
that	  participants	  could	  and	  could	  not	  engage	  in	  as	  reference	  to	  ethnographic	  “narration”	  (IDEO	  
2003)	  and	  “shadowing	  tools”	  (Milton,	  A	  et	  al.	  2013,	  26).	  It	  was	  always	  clarified	  with	  participants	  that	  
everything	  was	  being	  documented	  by	  photography,	  note	  taking	  or	  Dictaphone	  and	  they	  were	  free	  to	  
oppose	  documentation.	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In	  ‘Universal	  Methods	  of	  Design’,	  Hanington	  states	  that	  “Ethnography	  practices	  must	  exercise	  
caution	  to	  avoid	  the	  tendency	  to	  find	  what	  you	  are	  looking	  for”	  (Hanington,	  Martin	  2012,	  120).	  
Within	  all	  ethnographic	  sessions,	  the	  author	  heeded	  Hanington’s	  philosophies	  by	  predominantly	  
“shadowing”	  (Milton,	  A	  et	  al.	  2013)	  participants	  and/or	  encouraging	  them	  to	  “narrate”	  their	  
activities	  (IDEO	  2003).	  During	  their	  narrations,	  participants	  would	  provide	  verbal	  commentary	  whilst	  
performing	  tasks	  delivering	  detailed	  information.	  The	  author	  avoided	  over	  questioning	  the	  
participants	  on	  design	  opportunities,	  adhering	  to	  Hanington’s	  warnings	  and	  questioned	  them	  after	  
activities	  had	  finished.	  	  
	  
Figure	  93,	  Ethnographic	  study	  process	  
4.36 Ethnography	  Method:	  Shadowing	  Ethnographic	  Sessions	  
Ethnography	  studies	  gather	  data	  in	  various	  forms	  with	  “participant	  observation	  and	  informal	  
conversations”	  but	  the	  use	  of	  ethnographic	  tools	  refines	  territories	  and	  plausible	  design	  directions	  
(Hammersley,	  Atkinson	  2007,	  3).	  Milton	  et	  al	  define	  shadowing	  as	  following	  “the	  target	  individual	  
from	  the	  moment	  they	  begin	  their	  working	  day	  until	  the	  time	  they	  leave	  to	  go	  home”	  (Milton,	  A	  et	  
al.	  2013,	  26).	  Lessons	  were	  drawn	  from	  literary	  examples	  and	  shadowing	  was	  selected	  as	  an	  
appropriate	  tool,	  letting	  the	  participants	  communicate	  their	  story	  and	  not	  pre-­‐empting	  investigation	  
territories.	  	  
At	  the	  ‘participants	  briefing’	  prior	  to	  each	  ethnographic	  session,	  the	  author	  would	  decide	  if	  a	  
‘shadowing’	  ethnographic	  tool	  was	  appropriate	  and	  the	  following	  process	  would	  occur	  (Figure	  93).	  
During	  the	  briefing,	  participants	  would	  then	  decide	  photographic	  procedures.	  The	  author	  observed	  
the	  participants’	  activities	  without	  commenting	  or	  becoming	  physically	  involved	  and	  documented	  
‘points	  of	  interest’	  through	  photography	  and	  annotations.	  The	  author’s	  points	  of	  interest	  were:	  
methodological	  practices,	  nuances	  or	  subtleties	  of	  activities,	  abnormalities	  in	  practice,	  touch	  points	  
of	  all	  products,	  causes	  for	  concern	  and	  integrated	  knowledge	  displayed	  by	  the	  user.	  The	  shadowing	  
activities	  adhered	  to	  Hammersleys’	  ‘validation	  theories’,	  mentioned	  earlier	  (Hammersley	  1990,	  597).	  
The	  shadowing	  practice	  also	  built	  on	  Milton’s	  shadowing	  and	  general	  ethnography	  rules	  previously	  
mentioned	  (Milton,	  A	  et	  al.	  2013).	  
After	  the	  shadowing	  session,	  participants	  would	  be	  invited	  to	  discuss	  the	  findings	  (Figure	  93).	  The	  
photographs	  and	  points	  of	  interest	  would	  then	  be	  reviewed	  with	  the	  participant(s).	  After	  the	  
activity,	  photographs	  were	  downloaded	  to	  a	  laptop,	  providing	  immediate	  user	  feedback.	  In	  the	  
discussion,	  the	  author	  went	  through	  material	  with	  participants	  and	  discussed	  issues,	  including:	  
clarifying	  areas	  of	  concern	  they	  would	  have	  in	  sharing	  material	  of	  anything	  observed,	  participants’	  
perspective	  on	  the	  activity,	  possible	  product	  or	  digital	  interventions,	  desires	  and	  contextual	  
information.	  The	  discussion	  with	  the	  participant	  built	  on	  the	  methods	  that	  Hammersly	  (Hammersley	  
1990,	  Hammersley,	  Atkinson	  2007,	  Atkinson,	  Hammersley	  1994),	  Hanington	  (Hanington,	  Martin	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2012),	  Suri	  (Suri	  2003),	  IDEO	  (IDEO	  2003)	  Milton	  (Milton,	  A	  et	  al.	  2013)	  and	  Rupp	  (Rupp,	  Taylor	  2011)	  
discuss	  in	  their	  versions	  of	  ethnography	  and	  design	  ethnography.	  
4.37 Ethnography	  Method:	  Narration	  Ethnographic	  Sessions	  
Narration,	  according	  to	  IDEO’s	  method	  cards	  (www.ideo.com/work/method-­‐cards),	  asks	  participants	  
to	  “describe	  aloud	  what	  they	  are	  thinking	  as	  they	  perform	  a	  process	  or	  execute	  a	  specific	  task”	  (IDEO	  
2003).	  This	  process	  of	  “narration”	  allows	  participants	  to	  talk	  through	  their	  activities,	  providing	  
researchers	  with	  questions	  of	  ‘why	  they	  did	  that’,	  using	  participants’	  terminologies	  and	  insights	  
(IDEO	  2003).	  Product	  narration	  is	  an	  “excellent	  method	  for	  not	  only	  understanding	  what	  problems	  
users	  have	  with	  designed	  products,	  services	  and	  systems,	  but	  also	  why	  these	  problems	  arise”	  
(Milton,	  A	  et	  al.	  2013,	  71).	  Narration	  ethnographic	  tools	  can	  make	  observed	  parties	  feel	  more	  at	  
ease,	  as	  they	  are	  just	  talking,	  with	  photography	  an	  option.	  	  
The	  anonymity	  of	  narration	  could	  help	  less	  experienced	  beekeepers	  feel	  more	  confident	  as	  possible	  
mistakes	  are	  not	  visually	  documented.	  During	  conventional	  “narration	  sessions,	  researchers	  will	  
prompt	  ‘what	  are	  you	  doing	  now’”	  (Milton,	  A	  et	  al.	  2013,	  70).	  In	  this	  case,	  the	  author	  wanted	  
participants	  to	  ‘narrate’	  points	  of	  their	  interest	  and	  evaluate	  their	  own	  opinions	  later.	  The	  author	  did	  
not	  want	  to	  break	  the	  participant’s	  concentration	  in	  the	  cognitive	  heavy	  task	  of	  inspecting	  their	  
bees.	  The	  narration	  process	  would	  also	  let	  the	  participant	  become	  comfortable	  in	  evaluating	  their	  
practice.	  Participants	  can	  also	  see	  the	  value	  of	  their	  extensive	  knowledge	  to	  an	  outsider	  without	  
such	  insights	  and	  knowledge.	  If	  ethnographic	  narration	  tools	  were	  deemed	  appropriate	  at	  the	  
‘participant	  briefing’	  then	  the	  following	  methodology	  was	  pursued.	  	  
Participants	  would	  narrate	  their	  activity	  at	  points	  they	  deemed	  relevant	  throughout	  the	  activity	  and	  
afterwards	  would	  discuss	  with	  researchers.	  This	  process	  was	  similar	  to	  the	  ‘shadowing’	  ethnographic	  
technique.	  The	  author	  would	  make	  notes,	  not	  interrupting	  the	  participant	  during	  their	  narration,	  
revisiting	  their	  questions	  later.	  The	  author	  would	  note	  points	  of	  interest	  during	  the	  activity.	  The	  
methodology	  of	  narration	  enables	  participants	  to	  perform	  and	  comment	  on	  tasks,	  letting	  
ethnographers	  discuss	  alternatives.	  	  
This	  practice	  is	  virtually	  impossible	  via	  a	  remote	  process	  or	  probe	  as	  researchers	  cannot	  witness	  
participants’	  nuances,	  reactions	  or	  instigate	  discussion.	  Interviews	  would	  provide	  a	  relevant	  
supplementary	  process	  but	  the	  interviewee	  would	  require	  a	  specific,	  clear,	  analytical	  view	  of	  their	  
beekeeping	  process	  and	  would	  not	  enable	  researchers	  to	  question	  unidentified	  activities.	  The	  two	  
ethnographic	  tools	  (shadowing	  and	  narration)	  can	  work	  in	  unison	  but	  need	  to	  be	  selected	  
appropriately	  for	  activities.	  	  
4.38 Ethnography	  Method:	  Group	  Discussions	  
Bi-­‐weekly	  findings	  were	  presented	  back	  to	  a	  larger	  group	  in	  order	  to	  identify	  overlapping	  themes,	  
common	  concerns	  and	  praxis	  differences.	  The	  group	  sessions,	  in	  turn,	  promoted	  focus,	  further	  
recruitment	  of	  participants	  and	  continuously	  evaluated	  the	  author’s	  theories	  with	  “users’	  needs	  and	  
insights”	  practices	  akin	  to	  user	  centred	  design	  (Suri	  2003,	  48).	  The	  group	  studies	  would	  also	  
demonstrate	  if	  gathered	  insights	  were	  repeated	  by	  wider	  audiences.	  The	  group	  highlighting	  the	  
repetition	  of	  insights	  and	  scenarios	  allowed	  participants	  to	  analyse	  findings	  for	  individual	  and	  
community	  importance.	  	  
	  
Documented	  material	  was	  regularly	  offered	  to	  participants	  as	  it	  is	  hard	  for	  them	  to	  document	  and	  
inspect	  bee	  hives	  simultaneously.	  The	  gift	  of	  photographs	  helped	  build	  trust	  through	  transparency	  of	  
collected	  data.	  The	  donation	  of	  photographic	  material	  also	  helped	  the	  participants	  consider	  
scenarios	  of	  interest	  for	  their	  diaries,	  as	  they	  could	  see	  the	  author	  was	  interested	  in	  various	  
activities.	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4.39 Ethnography	  Method:	  Process	  of	  Analysis	  
Ethnographic	  analysis	  specifically	  within	  the	  practice	  of	  design,	  “links	  findings	  to	  a	  concrete	  
direction”	  either	  in	  scenarios	  or	  insightful	  opportunities	  (Aiga	  2013,	  16).	  The	  ethnographic	  study	  was	  
interested	  in	  current	  practices	  of	  beekeeping	  where	  participants	  had	  either:	  constructed	  tools,	  
adapted	  tools	  or	  there	  was	  an	  opportunity	  for	  the	  creation	  of	  tools	  to	  enhance	  or	  complement	  their	  
work.	  Current	  beekeeping	  technologies	  were	  not	  included	  in	  this	  study	  as	  laypersons’	  speculative	  
technology	  opportunities	  were	  of	  more	  interest	  for	  Open	  Design	  when	  compared	  to	  professional	  
bee	  farming	  tools.	  	  
‘Shadowing’	  and	  ‘narration’	  ethnographic	  tools	  were	  used	  as	  part	  of	  the	  observation	  process.	  During	  
the	  observational	  activity,	  the	  findings	  and	  photographs	  were	  discussed	  and	  initially	  analysed	  with	  
the	  participants	  immediately	  post	  activity.	  During	  the	  ‘participant	  discussion’	  phase,	  the	  author	  
presented	  observed	  activity	  material	  with	  participants	  and	  deliberated	  over:	  areas	  of	  concern	  they	  
would	  have	  in	  sharing	  material	  of	  observed	  activities,	  participants’	  perspective	  on	  activities,	  possible	  
product	  or	  digital	  interventions,	  desires	  and	  contextual	  information.	  Affinity	  diagrams	  were	  used	  to	  
cluster	  research	  findings	  together	  under	  two	  headings;	  constructed	  tools	  and	  adapted	  tools	  using	  
predominantly	  off-­‐the-­‐shelf	  components	  with	  minimal	  modification.	  	  
	  In	  Ethnography,	  Principles	  in	  Practice,	  Hammersley	  comments	  that	  findings	  can	  be	  applied	  to	  a	  
“systematic	  interpretation	  of	  the	  variety	  of	  rules	  and	  norms”	  (Hammersley,	  Atkinson	  2007,	  170).	  The	  
findings	  were	  also	  analysed	  according	  to	  activities	  that	  are	  not	  deemed	  ‘the	  norm’	  by	  the	  research	  
collaborators,	  The	  British	  Beekeeping	  Association	  (BBKA).	  Research	  findings	  were	  continually	  shared	  
with	  senior	  beekeepers	  (gatekeepers)	  and	  research	  partners,	  the	  BBKA.	  Both	  of	  these	  parties	  
validated	  the	  insights	  via	  peer	  review	  meetings,	  provoking	  future	  design	  territories.	  	  
4.40 Ethnography	  Method:	  Summary	  	  
The	  study	  investigated	  the	  world	  of	  beekeeping	  from	  amateur	  grassroots	  perspectives.	  Ethnography	  
offered	  researchers	  flexible	  investigative	  means	  enabling	  participants	  to:	  direct	  activities,	  discuss	  
concerns	  and	  place	  researchers	  in	  a	  position	  of	  trust	  over	  the	  6	  month	  period.	  The	  study	  
investigated:	  what	  artefacts	  do	  non-­‐professional	  beekeepers	  make	  or	  re-­‐appropriate	  directly	  related	  
to	  the	  practice	  of	  keeping	  bees?	  
The	  use	  of	  appropriate	  ethnography	  tools	  ensured	  that	  participants	  could	  air	  their	  views	  with	  
anonymity.	  Ethnography	  practices	  adhered	  to	  the	  golden	  rules	  of	  investigating	  “everyday	  contexts,	  
rather	  than	  conditions	  created	  by	  researchers”	  (Hammersley,	  Atkinson	  2007,	  3)	  and	  “Ethnography	  
practices	  must	  exercise	  caution	  avoid[ing]	  the	  tendency	  to	  find	  what	  you	  are	  looking	  for”	  
(Hanington,	  Martin	  2012,	  120).	  The	  tools	  instilled	  a	  dialogue	  between	  the	  author	  and	  participants.	  
Participants	  could	  then	  understand	  ‘opportunities’,	  something	  that	  is	  hard	  to	  comprehend	  through	  
other	  research	  methods.	  The	  questioning	  of	  beekeepers	  praxis	  and	  the	  twinning	  of	  ethnography	  
tools	  presented	  opportunities	  from	  user	  and	  designer/researcher	  perspectives.	  
4.41 Results	  Study	  2,	  Ethnography	  
An	  ethnographic	  study	  of	  beekeepers	  observed	  within	  their	  environment	  over	  the	  course	  of	  a	  
beekeeping	  year,	  through	  the	  ethnography	  practices	  of	  shadowing	  and	  narration.	  The	  objective	  
is	  to	  answer	  the	  research	  question:	  what	  artefacts	  do	  non-­‐professional	  beekeepers	  make	  or	  re-­‐
appropriate	  directly	  related	  to	  the	  practice	  of	  keeping	  bees?	  	  
4.42 Ethnography	  Results:	  Codes	  of	  Conduct	  
The	  codes	  of	  conduct	  outlined	  in	  the	  methodology	  created	  trust	  in	  the	  author	  by	  the	  observed	  party.	  
In	  order	  to	  visit	  hive	  locations,	  trust	  was	  required	  from	  the	  author	  to	  never	  compromise	  locations.	  
Beekeepers’	  hives	  were	  often	  obscured	  or	  camouflaged	  (Figure	  94)	  so	  it	  was	  hard	  to	  find	  their	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locations	  (Figure	  95).	  Equipment	  cleanliness	  was	  also	  an	  important	  factor	  when	  gaining	  trust.	  The	  
codes	  of	  conduct	  ensured	  both	  parties	  felt	  comfortable	  and	  knew	  their	  actions’	  boundaries.	  	  
	  
Figure	  94,	  Camouflaged	  hives	  	  	  	  	  	  	  	  	  	  	  	  	   	  
Figure	  95,	  Camouflaged	  hives	  
4.43 Ethnography	  Results:	  Bi-­‐monthly	  Meetings	  
During	  the	  bi-­‐monthly	  expert	  apiary	  meetings,	  beekeepers	  from	  the	  same	  club	  would	  assemble	  at	  an	  
expert’s	  apiary	  to	  learn	  new	  techniques.	  It	  was	  frequent	  practice	  to	  verbally	  share	  skills,	  encouraging	  
new	  members	  over	  a	  cup	  of	  tea,	  giving	  people	  a	  “ticket	  to	  talk”	  socially	  (Blythe,	  Wright	  et	  al.	  2010,	  
161).	  The	  meetings	  gave	  the	  author	  chances	  to	  talk,	  discuss	  and	  show	  different	  participants’	  results	  
and	  insights,	  reviewing	  correlation	  with	  their	  practice.	  These	  meetings	  would	  usually	  demonstrate	  a	  
technique	  which,	  dependent	  on	  the	  time	  of	  year,	  instigated	  questions	  and	  ended	  with	  a	  social	  
exchange	  of	  food	  and	  drink	  (Figure	  96/97).	  At	  meetings,	  participants	  would	  share	  paper	  hive	  notes	  
and	  annotations	  on	  their	  current	  colonies,	  pictures	  of	  rare	  diseases	  or	  strange	  colony	  behaviour	  and	  
improvised	  adaptions	  or	  ‘hacks’	  they	  had	  created	  to	  inform	  their	  beekeeping	  practice.	  	  
	  
The	  participants	  did	  not	  share	  their	  hacks	  with	  a	  wider	  on-­‐line	  community	  but	  verbally	  in	  small	  
groups,	  asking	  and	  answering	  specific	  questions.	  Throughout	  the	  study,	  it	  was	  a	  regular	  practice	  for	  
the	  observed	  beekeepers	  to	  call	  on	  their	  peers	  to	  evaluate	  a	  situation	  or	  diagnose	  diseases.	  This	  
activity	  was	  not	  motivated	  by	  financial	  reward	  from	  one	  beekeeper	  to	  another,	  merely	  the	  passion	  
of	  the	  hobby	  and	  the	  knowledge	  that	  those	  beekeepers	  might	  return	  the	  favour.	  	  
	  
During	  one	  bi-­‐monthly	  meeting,	  participants	  shared	  hand	  written	  notes	  of	  hive	  records	  by	  
photocopying	  them	  so	  others	  could	  compare	  and	  contrast	  their	  records	  against	  the	  copy.	  Whilst	  this	  
practice	  was	  rudimentary,	  it	  did	  give	  the	  participants	  an	  overview	  of	  how	  quickly	  their	  colonies	  were	  
developing	  compared	  to	  others	  of	  similar	  size	  and	  location.	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Figure	  96,	  Bi-­‐monthly	  meeting	  setup,	  photograph	  sharing	  	  
Figure	  97,	  Bi-­‐monthly	  meeting	  sharing	  expertise	  
4.44 Ethnography	  Results:	  Constructed	  Tools	  
The	  participants	  wanted	  control	  of	  their	  products	  so	  they	  could	  adapt	  them	  based	  upon	  their	  
experience,	  or	  the	  experience	  of	  their	  peers.	  The	  following	  insights	  have	  been	  classed	  as	  constructed	  
tools	  as	  over	  50	  percent	  of	  their	  construction	  has	  been	  made	  by	  the	  participant.	  Some	  existing	  
beekeeping	  equipment	  is	  assembled	  from	  kits,	  including	  hives	  (www.thorne.co.uk),	  with	  the	  more	  
experienced	  beekeepers	  constructing	  and	  designing	  their	  own	  hives	  (Figure	  98).	  Figure	  98	  depicts	  
the	  adaption	  of	  a	  Dartington	  cross	  hive.	  The	  plans	  were	  accessed	  online	  and	  adapted	  to	  include	  an	  
observation	  window,	  enabling	  the	  participant	  to	  view	  the	  hive’s	  internal	  activity	  without	  inspecting	  
the	  hive	  conventionally.	  The	  hive	  in	  question	  is	  a	  top	  bar	  hive,	  a	  type	  of	  beekeeping	  that	  has	  its	  own	  
specific	  following	  and	  is	  more	  traditional	  than	  current	  beekeeping	  practices.	  The	  hive	  was	  
constructed	  by	  the	  user	  from	  purchased	  materials,	  cut	  to	  length	  with	  tools	  they	  had	  in	  their	  shed:	  a	  
panel	  saw,	  power	  drill,	  hammer,	  tape	  measure	  and	  writing	  implements.	  The	  detail	  of	  the	  Dartington	  
cross	  hive	  (Figure	  99)	  showed	  the	  participants’	  experience	  in	  woodwork	  and	  simple	  joinery.	  
	  
	  
Figure	  98,	  Dartington	  cross	  self-­‐made	  hive	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  99,	  Observation	  window	  on	  self-­‐made	  hive	  
When	  questioned,	  the	  ‘self-­‐construction’	  of	  the	  Dartington	  cross	  hive	  was	  not	  due	  to	  economic	  
factors,	  but	  linked	  to	  having	  ‘personal	  control	  with	  more	  understanding	  of	  the	  tools	  and	  the	  
optimisation	  of	  honey	  yield	  depending	  on	  their	  personal	  requirements’.	  Participants	  regularly	  
gathered	  to	  help	  each	  other	  by	  sharing	  experiences	  and	  offer	  advice	  on	  issues	  of	  practice.	  The	  same	  
participant	  (Figure	  100)	  had	  constructed	  their	  own	  top	  bar	  frames	  from	  beech	  and	  chopsticks	  that	  
they	  had	  bought	  in	  bulk	  from	  eBay	  (Figure	  101).	  The	  participant	  used	  screws	  to	  space	  out	  their	  
frames,	  giving	  the	  appropriate	  ‘bee	  space’	  required	  within	  a	  hive.	  These	  self-­‐made	  components	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allowed	  the	  participant	  to	  change	  the	  depth	  of	  their	  hive,	  experimenting	  with	  different	  depths	  over	  
many	  years	  and	  optimising	  their	  honey	  yield.	  The	  participant	  shared	  the	  designs	  and	  constructional	  
nuances	  with	  contemporaries	  by	  emailing	  photographs.	  
	  
Figure	  100,	  Self-­‐made	  top	  bar	  frames	  	  
Figure	  101,	  Self-­‐made	  top	  bar	  frames	  
During	  one	  particular	  apiary	  visit,	  a	  member	  had	  created	  their	  own	  Dartington	  cross	  hive	  from	  
internet	  plans	  (Figure	  102	  &	  103).	  The	  construction	  of	  the	  hive	  used	  18mm	  utility	  ply,	  accessible	  
from	  hardware	  retailers,	  screwed	  together	  with	  roofing	  felt	  for	  insulation.	  The	  participant	  used	  off-­‐
the-­‐shelf	  handles	  and	  fixings	  purchased	  from	  a	  local	  hardware	  retailer	  B&Q.	  The	  participant	  stated	  
that	  ‘they	  would	  happily	  share	  the	  plans	  that	  they	  had	  come	  by	  but	  were	  not	  interested	  in	  
redesigning	  the	  whole	  set	  of	  plans	  to	  add	  his	  adjustments’.	  The	  participant	  saw	  their	  redesign	  as	  
simply	  adjusting	  a	  design	  to	  the	  skills	  and	  tools	  they	  had	  access	  to,	  rather	  than	  using	  conventional	  
cedar	  or	  beech.	  The	  participant	  also	  included	  their	  own	  internal	  sugar	  syrup	  feeding	  system	  using	  
preserve	  jars	  that	  would	  slowly	  dispense	  syrup	  over	  the	  course	  of	  several	  days.	  This	  enabled	  the	  
beekeeper	  to	  regulate	  how	  much	  syrup	  his	  colony	  was	  consuming	  (Figure	  104	  &	  105).	  	  
	  
Figure	  102,	  Self-­‐made	  top	  bar	  hive	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  103,	  Self-­‐made	  top	  bar	  hive	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Figure	  104,	  Internal	  feeders	  preserve	  jars	  	  	  	  	  
Figure	  105,	  Internal	  feeders	  preserve	  jars	  	  	  	  	  	  
During	  the	  beekeeping	  year,	  there	  are	  a	  variety	  of	  activities	  that	  take	  place;	  one	  in	  particular	  is	  
“swarm	  collection”	  (Yates	  1999,	  40).	  Swarm	  collection	  is	  a	  service	  that	  local	  beekeeping	  clubs	  run	  to	  
gather	  swarms	  of	  honey	  bees	  that	  have	  absconded	  from	  hives	  and	  are	  discovered	  by	  members	  of	  
the	  public	  (Figure	  106/107).	  	  
	  
Figure	  106,	  Swarm	  too	  small	  to	  collect	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  107,	  Swarm	  in	  scale	  
The	  process	  of	  observed	  swarm	  collection	  relied	  on	  a	  series	  of	  home-­‐optimised	  tools,	  ranging	  from	  
customised	  vacuum	  cleaners	  to	  collection	  boxes.	  The	  customised	  vacuum	  cleaner	  enabled	  the	  
collector	  to	  gather	  a	  swarm	  of	  bees	  from	  difficult	  and	  remote	  locations	  (Figure	  109).	  The	  
constructed	  tool	  was	  fabricated	  with	  no	  technical	  training,	  just	  available	  instructions	  of	  a	  specific	  
vacuum	  cleaner	  motor	  found	  via	  a	  BBKA	  Internet	  forum.	  There	  were	  no	  instructions,	  just	  the	  motor	  
identification	  number	  of	  the	  component	  that	  is	  no	  longer	  manufactured.	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Figure	  108,	  Swarm	  vacuum	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  109,	  Swarm	  vacuum	  working	  
The	  reproduction	  of	  the	  ‘swarm	  vacuum’	  instructions	  for	  other	  parties	  was	  discussed	  with	  the	  
creator	  for	  possible	  revenue	  streams,	  but	  the	  creator	  was	  not	  interested	  due	  to	  the	  perceived	  work	  
involved.	  The	  ‘swarm	  vacuum’	  demonstrated	  a	  level	  of	  fabricating	  skill	  and	  technical	  knowledge	  
already	  used	  within	  the	  (observed)	  community,	  illustrating	  simple	  materials	  and	  assembly	  skills.	  	  
A	  common	  theme	  observed	  in	  the	  beekeepers’	  self-­‐made	  equipment,	  specifically	  the	  Dartington	  
cross	  hive	  and	  swarm	  vacuum,	  was	  over-­‐engineering	  solutions	  so	  they	  could	  survive	  rough	  handling.	  
The	  over-­‐engineering	  demonstrated	  a	  lack	  of	  knowledge	  in	  material	  properties	  and	  their	  
optimisation.	  The	  ‘swarm	  vacuum’	  participant	  had	  shared	  construction	  plans	  with	  other	  beekeepers	  
at	  their	  bi-­‐monthly	  apiary	  meetings.	  During	  observed	  meetings,	  participants	  shared	  sketches	  of	  their	  
constructions	  but	  mainly	  shared	  ideas	  through	  verbal	  feedback	  and	  photographs	  on	  their	  smart	  
phones.	  The	  observed	  participants	  let	  other	  beekeepers	  take	  detailed	  photographs	  of	  their	  
constructions	  and	  were	  not	  worried	  about	  people	  copying	  prototypes,	  but	  actively	  encouraged	  it.	  
Participants	  shared	  specific	  materials	  and	  local	  suppliers	  for	  off-­‐cuts,	  component	  websites	  or	  
techniques	  that	  could	  aid	  contemporaries	  replicate	  their	  adapted	  equipment.	  	  
During	  the	  year,	  the	  volunteers	  on	  swarm	  patrol	  would	  be	  called	  to	  different	  sites	  throughout	  East	  
Sussex,	  responding	  to	  calls	  from	  the	  public.	  On	  arriving	  at	  the	  swarm	  site,	  it	  was	  frequently	  observed	  
that	  volunteers	  had	  to	  make	  equipment	  or	  semi-­‐permanent	  hives	  to	  accommodate	  the	  fresh	  swarm	  
they	  had	  retrieved.	  During	  one	  on-­‐site	  visit,	  the	  participant	  used	  a	  nucleus	  box	  (a	  small	  purchased	  
starter	  hive)	  and	  had	  to	  make	  a	  roof	  with	  available	  materials.	  The	  swarm	  collection	  location	  was	  
located	  next	  to	  a	  building	  site’s	  refuse	  skips,	  containing	  the	  remnants	  of	  a	  window	  blind.	  The	  blind	  
was	  stripped	  apart	  and	  turned	  into	  a	  slatted	  roof	  for	  the	  nucleus	  box	  (Figure	  110).	  This	  was	  a	  
temporary	  measure	  to	  house	  the	  swarm	  of	  bees	  in	  a	  member	  of	  the	  public’s	  garden.	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Figure	  110,	  Slatted	  roof	  on	  nucleus	  box	  hive	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  111,	  Slatted	  roof	  close	  up	  
4.45 Ethnography	  Results:	  Adapted	  Tools	  
The	  following	  insights	  are	  adaptions	  from	  existing	  off-­‐the-­‐shelf	  components/products	  with	  less	  
emphasis	  on	  participants’	  fabrication	  skills	  but	  more	  prominence	  on	  their	  ability	  to	  see	  potential	  re-­‐
appropriations	  or	  adaptions.	  	  
	  
During	  the	  summer	  months	  there	  can	  be	  an	  abundance	  of	  queen	  cells	  created	  in	  a	  hive	  (Yates	  1999,	  
17).	  The	  queen	  is	  “the	  only	  female	  reproductive	  unit	  in	  the	  colony,	  the	  queen	  bee	  is	  the	  propagator	  
of	  the	  species	  and	  without,	  her	  as	  the	  focal	  point,	  the	  colony	  would	  dwindle	  and	  die	  out”	  (Cramp	  
2011,	  26).	  If	  a	  hive	  produces	  an	  excess	  of	  queen	  cells,	  the	  hive,	  if	  left	  unattended,	  can	  be	  
problematic,	  so	  it	  is	  common	  practice	  for	  beekeepers	  to	  remove	  excess	  queen	  cells	  during	  
inspections	  (Yates	  1999,	  18).	  During	  one	  shadowing	  session,	  a	  participant	  adapted	  a	  tool	  for	  keeping	  
queen	  cells	  warm	  during	  transportation.	  A	  secondhand	  mini	  fridge	  purchased	  at	  a	  car	  boot	  sale	  was	  
attached	  to	  a	  motor	  and	  heating	  element,	  maintaining	  the	  interior	  of	  the	  fridge	  with	  a	  constant	  
temperature	  (Figure	  112).	  The	  mini	  fridge	  kept	  the	  queen	  cells	  at	  their	  optimum	  temperature	  (32-­‐
35oC),	  ensuring	  a	  healthy	  queen	  bee	  for	  transportation	  as	  hives	  were	  in	  a	  remote	  location	  only	  
accessible	  by	  vehicle	  (Cramp	  2011,	  26).	  The	  hacked	  fridge	  kept	  queen	  bee	  cells	  warm	  after	  a	  hive	  
inspection	  so	  they	  could	  be	  taken	  home	  and	  reared	  with	  the	  user’s	  more	  specialist	  purchased	  
equipment.	  The	  hacked	  fridge	  had	  been	  made	  by	  trial	  and	  error	  from	  materials	  the	  participant	  
found.	  The	  constructor	  regularly	  visited	  car	  boot	  sales	  to	  find	  accessible	  cheap	  parts,	  and	  regarded	  
them	  as	  ‘raw	  materials’	  for	  creating	  adapted	  tools	  to	  help	  their	  practice.	  	  
	  
Figure	  112,	  Queen	  bee	  incubator	  hack	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4.46 Ethnography	  Results:	  Locating/Finding	  Adapted	  Tools	  
One	  beekeeper	  created	  their	  own	  version	  of	  the	  Internet	  of	  Things	  (IoT),	  “a	  concept	  in	  which	  all	  
objects	  around	  us	  are	  linked	  to	  a	  network,	  together	  creating	  a	  connected	  world”	  (De	  Roeck,	  Slegers	  
et	  al.	  2012,	  1).	  Their	  personal	  IoT	  was	  used	  for	  tracking	  expensive	  equipment	  attaching	  budget	  
mobile	  phones	  to	  locate	  apparatus	  in	  the	  field	  using	  off-­‐the-­‐shelf	  technology	  (Figure	  113).	  This	  basic	  
example	  located	  equipment	  in	  the	  field	  by	  telephoning	  it.	  During	  discussions,	  the	  user	  wanted	  to	  
extend	  their	  adaption	  to	  document	  the	  equipment’s	  wear	  and	  maintenance,	  so	  they	  could	  manage	  
their	  budget.	  	  
	  
Figure	  113,	  Keys	  attached	  to	  a	  phone	  for	  locating	  purposes	  
Whilst	  this	  ‘self-­‐IoT’	  example	  is	  an	  exceptionally	  basic	  adaption	  of	  wirelessly	  connecting	  objects	  near	  
beehives,	  wireless	  devices	  were	  coldly	  received	  by	  observed	  participants.	  In	  ‘Bees,	  Birds	  and	  
Mankind	  Destroying	  Nature	  by	  Electrosmog’,	  Warnke	  describes	  the	  “correlating	  factors	  between	  
reports	  of	  CCD	  beehives	  and	  their	  proximity	  to	  mobile	  radio	  antennas	  and	  wireless	  networks”	  
(Warnke	  2008,	  9).	  Study	  members	  interviewed	  aired	  concerns	  regarding	  ‘accessibility	  for	  other	  
parties’	  in	  the	  information	  they	  would	  possibly	  give	  away	  by	  cataloguing	  data	  on	  their	  hives.	  Whilst	  
the	  application	  of	  ‘connected	  objects’	  showed	  a	  level	  of	  technical	  concept,	  the	  participant	  did	  not	  
have	  any	  coding	  or	  software	  skills.	  During	  interviews,	  four	  of	  the	  participants	  wanted	  to	  use	  the	  
raspberry	  pi	  (www.raspberrypi.org),	  a	  credit-­‐card	  sized	  open	  source	  computer,	  to	  create	  beehive	  
security	  devices	  but	  lacked	  the	  knowledge	  to	  do	  so,	  presenting	  product	  opportunities.	  
4.47 Ethnography	  Results:	  Photography	  Adapted	  Tools	  
During	  the	  study	  it	  was	  regular	  practice	  for	  participants	  to	  photographically	  document	  anomalies	  or	  
interesting	  features	  within	  a	  hive	  for	  further	  study	  or	  sharing	  for	  advice	  (Figure	  114	  &	  115).	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  121	  of	  265	  
	  
Figure	  114,	  Identifying	  the	  queen	  bee	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  115,	  Identifying	  the	  queen	  bee	  
During	  the	  study,	  participants	  used	  Microsoft	  Word	  to	  manipulate	  and	  adapt	  the	  opacity	  of	  the	  
images	  they	  had	  taken.	  Reducing	  the	  opacity	  of	  their	  photographs	  allowed	  the	  users	  to	  overlay	  
images	  so	  they	  could	  overlay	  and	  contrast	  them	  with	  greater	  ease.	  The	  observed	  beekeepers	  used	  
this	  technique	  for:	  disease	  cataloguing	  infestation	  growth	  (Figure	  116	  &	  117),	  spread	  or	  treatment	  
plans,	  queen	  bee	  identification	  and	  to	  predict	  colony	  growth	  over	  time	  by	  comparing	  brood	  
patterns.	  This	  was	  a	  simple	  adaption	  of	  an	  accessible	  software	  tool.	  In	  (Figure	  118)	  the	  difficulty	  of	  
completing	  a	  hive	  inspection	  and	  taking	  photographs	  was	  highlighted	  as	  a	  complex	  task.	  The	  
beekeepers	  either	  did	  this	  in	  pairs,	  or	  took	  their	  own	  photographs	  with	  difficulties.	  
	  
Figure	  116,	  Chalk	  brood	  documented	  under	  a	  hive	  	  	  	  	  	  	  	  
Figure	  117,	  Chalk	  brood	  close	  up	  	  	  	  	  	  	  	  	  	  	  
	  
Figure	  118,	  Inspecting	  and	  photographing	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4.48 Ethnography	  Results:	  Hive	  Recording	  Adapted	  Tools	  
A	  current	  attainment	  for	  the	  BBKA’s	  ‘Certificate	  in	  Beekeeping	  Husbandry’	  requires	  the	  upkeep	  of	  
beehive	  records,	  aligning	  CS	  activities	  within	  the	  motivations	  of	  a	  hobby	  (Yates	  1999).	  The	  observed	  
process	  of	  documenting	  hive	  records	  was	  completed	  retrospectively	  as	  individual	  beekeepers	  were	  
occupied	  with	  the	  physicality	  of	  a	  hive	  inspection.	  Observed	  novice	  beekeepers	  conducted	  hive	  
inspections	  in	  pairs	  for	  this	  reason.	  	  
Four	  out	  of	  the	  ten	  observed	  beekeepers	  used	  acoustic	  digital	  Dictaphones	  to	  verbally	  record	  hive	  
inspections	  for	  post	  interrogation	  (Figure	  118).	  Verbally	  recording	  annotations	  reduced	  the	  
detrimental	  effects	  of	  opening	  a	  hive	  for	  prolonged	  periods.	  The	  recordings	  also	  allowed	  the	  
beekeepers	  to	  store	  their	  hive	  records	  digitally.	  During	  the	  observation	  period,	  participants	  also	  used	  
their	  Dictaphones	  to	  record	  acoustic	  variations	  of	  different	  colonies	  throughout	  the	  beekeeping	  
season.	  	  
	  
Figure	  119,	  Recording	  verbal	  hive	  records	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  120,	  Verbal	  records	  transferred	  to	  paper	  
Individual	  beekeepers	  noticed	  acoustic	  changes	  depending	  on	  weather	  conditions,	  times	  of	  day	  and	  
even	  hive	  locations.	  The	  beekeepers’	  acoustic	  observations	  were	  speculative,	  based	  on	  individual	  
experience,	  with	  no	  available	  or	  accessible	  tools	  to	  validate	  theories.	  The	  participants	  did	  not	  have	  
audio	  comparative	  tools	  to	  easily	  analyse	  the	  audio	  change	  or	  comparative	  analysis	  with	  weather	  or	  
seasonal	  changes,	  so	  results	  were	  translated	  differently	  by	  each	  user.	  This	  observation	  demonstrates	  
the	  possibilities	  for	  product	  re-­‐appropriation	  by	  users	  to	  perform	  functions	  outside	  a	  commercial	  
entity’s	  remit.	  	  	  
The	  ‘Dictaphone	  beekeepers’	  shared	  their	  recordings	  through	  iTunes	  with	  others	  who	  had	  expressed	  
an	  interest	  during	  bi-­‐monthly	  meetings.	  There	  was	  no	  financial	  exchange	  during	  this	  ‘iTunes	  sharing’.	  
The	  beekeepers	  were	  interested	  in	  the	  pursuit	  of	  knowledge	  that	  they	  might	  gain	  by	  comparing	  their	  
data	  to	  others	  within	  their	  community.	  The	  analysis	  of	  this	  shared	  data	  was	  evaluated	  by	  the	  
individual	  listening	  and	  comparing	  two	  different	  sound	  samples,	  something	  that	  is	  as	  accurate	  as	  the	  
experienced	  ear	  and	  hard	  to	  correlate	  across	  a	  wider	  audience.	  	  
During	  one	  bi-­‐monthly	  meeting,	  participants	  discussed	  the	  possibility	  of	  adapting	  online	  YouTube	  
resources	  to	  share	  and	  update	  acoustic	  patterns	  that	  could	  be	  shared	  and	  contributed	  to	  
internationally.	  The	  participants	  did	  not	  feel	  that	  they	  had	  the	  technical	  skill	  to	  execute	  the	  concept.	  
Observed	  beekeepers	  tried	  to	  use	  ‘infrared	  temperature	  guns’	  to	  gauge	  internal	  hive	  temperatures,	  
but	  this	  required	  great	  individual	  discipline	  in	  documentation	  regularity	  and	  accuracy.	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4.49 Ethnography	  Results:	  Hand	  Weighing	  Adapted	  Tools	  
Observed	  beekeepers	  weighed	  hives	  by	  hand	  with	  measurements	  based	  on	  personal	  experience,	  
known	  as	  ‘hefting’	  (Figure	  121).	  The	  “hive’s	  weight	  signposts	  a	  colony’s	  health	  and	  food	  stocks	  for	  
the	  winter”	  months(Yates	  1999,	  10).	  This	  practice	  was	  conducted	  throughout	  the	  year	  where	  
beekeepers	  physically	  handle	  the	  hive.	  This	  exercise	  relies	  on	  their	  knowledge	  and	  only	  maintains	  
comparative	  data	  if	  participants	  document	  or	  can	  recall	  information	  in	  the	  future.	  The	  participants	  
used	  an	  adapted	  hand	  scale	  to	  try	  and	  weigh	  their	  hives.	  The	  hand	  scale	  was	  originally	  a	  butcher’s	  
scale	  used	  to	  measure	  carcasses.	  This	  scale	  was	  inaccurate	  and	  hard	  to	  get	  consistent	  readings.	  The	  
participant	  did	  discuss	  with	  the	  author	  how	  to	  make	  a	  retaining	  jig	  to	  ensure	  weighing	  repeatability,	  
but	  was	  not	  constructed	  during	  the	  observation	  period.	  The	  construction	  was	  not	  completed	  by	  the	  
participant	  due	  to	  relevant	  tool	  access	  during	  the	  study	  period.	  The	  practice	  of	  ‘hefting’	  took	  place	  
weekly	  during	  the	  observed	  period.	  Determining	  a	  beehive’s	  weight	  could	  contribute	  to	  CS	  activities,	  
as	  accrued	  data	  informs	  individuals	  and	  could	  inform	  wider	  communities	  of	  ‘bee	  health’.	  
	  
Figure	  121,	  ‘Hefting’,	  the	  act	  of	  weighing	  a	  hive	  manually	  
4.50 Ethnography	  Results:	  Internet-­‐Inspired	  Adapted	  Tools	  
During	  the	  study,	  participating	  beekeepers	  discovered	  Ikea	  hacker	  (www.ikeahackers.net).	  Ikea	  
hacker	  is	  “a	  site	  about	  modifications	  on	  and	  repurposing	  of	  Ikea	  products.	  Hacks,	  referred	  to	  here,	  
may	  be	  as	  simple	  as	  adding	  embellishments;	  some	  others	  may	  require	  power	  tools	  and	  lots	  of	  
ingenuity”	  (Yap	  2013).	  This	  intervention	  inspired	  one	  of	  the	  beekeepers	  to	  adapt	  an	  Ikea	  wooden	  
laundry	  basket	  (no	  longer	  sold)	  to	  make	  a	  skep.	  A	  skep	  is	  a	  medieval	  style	  hive	  usually	  constructed	  
from	  willow	  and	  straw,	  but	  not	  commonly	  used	  because	  they	  are	  “an	  extremely	  wasteful	  process”,	  
where	  the	  colony	  often	  has	  to	  be	  sacrificed	  to	  harvest	  the	  honey	  yield	  (Davies	  2007,	  25).	  The	  
participant	  only	  drilled	  a	  12mm	  hole	  in	  the	  side	  of	  the	  laundry	  basket	  as	  it	  was	  cheaper	  than	  buying	  
the	  materials	  and	  constructing	  the	  skep	  from	  scratch	  (Figure	  122).	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Figure	  122,	  Adaption	  of	  Ikea	  product	  resulting	  in	  a	  skep	  
4.51 Ethnography	  Results:	  Product	  Adaptions	  without	  Tool	  Interventions	  
There	  were	  many	  adaptions	  observed,	  one	  of	  which	  was	  for	  the	  transportation	  of	  queen	  bees	  
(Figure	  123).	  This	  adaption	  was	  made	  using	  the	  household	  goods	  of	  a	  hair	  curler,	  a	  bead,	  some	  
cotton	  wool	  and	  redundant	  coat	  elastic.	  The	  adaption	  was	  used	  to	  transport	  queen	  bees	  from	  the	  
location	  of	  the	  hive	  to	  the	  participant’s	  house.	  The	  construction	  was	  cost	  effective	  and	  the	  
participant	  could	  keep	  the	  ‘modified	  transportation’	  tool	  near	  their	  body,	  keeping	  the	  resident	  
queen	  warm.	  
	  
Figure	  123,	  Personal	  adaption	  for	  transporting	  queen	  bees	  	  
Figure	  124,	  Personal	  equipment	  adapted	  
It	  was	  often	  observed	  that	  beekeepers	  would	  adapt	  different	  household	  implements	  to	  form	  
equipment	  for	  hive	  inspections	  (Figure	  124).	  These	  pieces	  of	  equipment	  included	  adapted	  kitchen	  
palate	  knives,	  feathers	  instead	  of	  expensive	  hive	  brushes,	  and	  different	  combustible	  materials	  to	  use	  
in	  smokers.	  	  
4.52 Ethnography	  Results:	  Construction	  Spaces	  
The	  author	  was	  shown	  several	  communal	  workshops	  that	  the	  beekeepers	  shared	  with	  other	  
tradespeople	  in	  the	  local	  area	  (Figure	  125).	  Participants	  donated	  materials,	  tools	  they	  had	  found	  in	  
car	  boot	  sales	  and	  regularly	  offered	  constructional	  advice.	  The	  style	  of	  workshop	  represented	  a	  
simple	  maker	  space	  that	  had	  been	  created	  independently.	  There	  was	  no	  official	  payment	  scheme	  or	  
schedule	  defining	  roles	  for	  cleaning	  or	  upkeep,	  the	  users	  kept	  it	  tidy	  for	  others	  to	  use.	  There	  was	  no	  
risk	  assessment	  or	  formal	  procedures,	  the	  participants	  merely	  phoned	  the	  owner	  of	  specific	  
machinery	  if	  they	  required	  its	  use.	  The	  owner	  of	  that	  machine	  would	  then	  either	  schedule	  a	  training	  
session	  or	  offer	  fabrication	  advice.	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Figure	  125,	  Shared	  workshop	  
4.53 Ethnography	  Results:	  Summary	  	  
The	  ethnographic	  study	  identified	  artefacts	  that	  non-­‐professional	  beekeepers	  make	  or	  re-­‐
appropriate,	  directly	  related	  to	  the	  practice	  of	  keeping	  bees.	  These	  physical	  ‘hacks’	  were	  shared	  
verbally,	  in	  annotated	  form	  and	  photographed	  by	  other	  users	  at	  meetings	  or	  emailed	  around	  the	  
group.	  The	  observations	  show	  a	  variety	  of	  adaptions	  and	  tools	  that	  have	  been	  created	  from	  scratch.	  
The	  study	  answers	  the	  question	  by	  documenting	  a	  wide	  variety	  of	  creations	  and	  adaptions	  from	  a	  
group	  of	  observed	  beekeepers	  in	  the	  South	  East	  of	  the	  United	  Kingdom.	  These	  observations	  have	  
yielded	  a	  verbal	  version	  of	  Open	  Design	  by	  physically	  sharing	  plans	  demonstrated	  by	  the	  observed	  
participants.	  Participants	  did	  download	  plans,	  edit	  them	  and	  share	  their	  adaptions	  when	  asked,	  but	  
only	  on	  a	  local	  level.	  The	  observations	  did	  show	  that	  there	  is	  potential	  for	  making	  and	  adapting	  
monitoring	  equipment	  that	  otherwise	  could	  prove	  too	  costly	  for	  individuals	  to	  make	  or	  develop.	  
During	  the	  study,	  many	  practices	  of	  hacks,	  re-­‐appropriations	  of	  products	  and	  ‘DIY’	  design	  were	  
demonstrated	  by	  ethnographic	  participants.	  Whilst	  these	  practices	  were	  completed	  on	  a	  local	  level	  
restricted	  only	  to	  East	  Sussex,	  they	  signpost	  opportunities	  for	  Open	  Design	  as	  a	  more	  formalised	  
process	  within	  the	  practice	  of	  beekeeping.	  The	  observations	  did	  demonstrate	  a	  varied	  level	  of	  skill	  
and	  competence	  in	  constructing,	  adapting	  and	  contributing	  to	  a	  design	  or	  series	  of	  designs.	  	  
Throughout	  the	  study,	  beekeepers	  lacked	  the	  tools	  to	  translate	  their	  concepts	  into	  tangible	  design	  
outcomes.	  The	  study	  demonstrated	  that	  participants	  were	  keen	  to	  construct	  artefacts	  that	  could	  
inform	  their	  practice	  but	  were	  not	  enabled	  to	  do	  this	  beyond	  basic	  analogue	  assemblies.	  The	  
observations	  of	  understanding	  hives	  internal	  measurands	  and	  the	  potential	  for	  not	  over	  inspecting	  
hives	  aligned	  with	  the	  participants	  desire	  to	  digitally	  monitor	  their	  hives.	  The	  participants	  were	  
motivated	  by	  their	  honey	  yield,	  the	  thirst	  for	  bee-­‐related	  information	  and	  a	  willingness	  to	  share	  
positive	  and	  negative	  outcomes	  of	  their	  praxis	  and	  experience.	  	  
	  
Chapter	  4	  Summary	  
Within	  chapter	  4,	  research	  activity	  participants	  highlighted	  a	  wide	  diverse	  skill	  set	  that	  could	  be	  
applied	  to	  the	  creation	  of	  goods	  and	  define	  ‘making’.	  The	  participants	  showed	  the	  skills	  to	  share	  
their	  constructions	  but	  did	  not	  build	  on	  open	  design	  models,	  currently	  in	  practice.	  The	  Probe	  1	  study	  
and	  the	  Bee	  Ethnography	  highlighted	  that	  beekeepers	  were	  a	  tangible	  group	  for	  Open	  Design	  /	  
Citizen	  Science	  activities.	  The	  groups	  already	  engaged	  in	  Open	  Design	  and	  Citizen	  Science	  but	  did	  not	  
formalise	  it	  or	  characterise	  it	  as	  such.	  The	  chapter	  highlighted	  that	  participants	  already	  shared	  data	  
on	  an	  analogue	  level,	  but	  did	  not	  have	  the	  current	  capabilities	  to	  translate	  this	  into	  digital	  outputs.	  
The	  research	  not	  only	  informed	  the	  process	  of	  the	  entire	  project,	  grounding	  it	  in	  live	  practice,	  but	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also	  informed	  the	  Open	  Design/Citizen	  Science	  Toolkit	  (chapter	  7)	  and	  informed	  the	  design	  of	  the	  
Bee	  Lab	  kit	  (chapter	  6).	  
Chapter	  4	  Reflection	  
Chapter	  4	  highlighted	  that	  the	  participating	  demographic	  could	  ‘make’	  and	  were	  motivated	  to	  do	  so,	  
not	  merely	  for	  financial	  gain,	  but	  because	  they	  could	  create	  bespoke	  outputs.	  The	  Probe	  1	  study	  was	  
appropriate	  in	  its	  analogue	  form,	  it	  could	  have	  benefited	  from	  being	  executed	  twice,	  with	  the	  same	  
participants	  at	  the	  beginning	  and	  end	  of	  the	  research	  project	  to	  produce	  a	  time	  study.	  The	  Bee	  
Ethnography	  study	  opened	  up	  the	  potential	  for	  technology	  applications	  that	  could	  only	  be	  witnessed	  
first	  hand,	  as	  the	  participants	  viewed	  them	  as	  a	  ‘norm’	  and	  dismissed	  their	  relevance	  to	  the	  author.	  
The	  work	  should	  have	  created	  a	  remote	  ethnography	  pack	  so	  international	  researchers	  could	  have	  
responded	  widening	  the	  scope	  of	  the	  research.	  A	  remote	  ethnography	  pack	  could	  have	  used	  a	  
YouTube	  broadcast,	  but	  it	  would	  have	  required	  international	  expertise	  and	  finance.	  Even	  though	  the	  
target	  audience	  was	  amateur	  beekeepers,	  the	  work	  should	  have	  gained	  more	  of	  an	  understanding	  
with	  professional	  beekeepers.	  Professional	  beekeepers	  ‘economies	  of	  scale’	  might	  have	  
demonstrated	  wider	  perspectives	  for	  future	  accrued	  data’s	  value.	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Chapter	  5	  	  
Understanding	  the	  motivations	  of	  the	  study	  group,	  and	  of	  CS	  stakeholders	  (BBKA),	  and	  testing	  their	  
alignment	  
5.1 Study	  3,	  Beekeepers	  Poster	  workshop	  	  
Sub	  question:	  If	  beekeepers	  could	  monitor	  environmental	  data	  related	  to	  the	  practice	  of	  
keeping	  bees,	  would	  they	  be	  interested	  and	  what	  would	  they	  want	  to	  know?	  
	  
A	  paper	  from	  this	  workshop	  entitled	  Open	  Design:	  Non-­‐professional	  User-­‐Designers	  Creating	  
Products	  for	  Citizen	  Science,	  A	  Case	  Study	  of	  Beekeepers	  was	  peer	  reviewed	  and	  published	  at	  
the	  Human	  Computer	  Interaction	  international	  conference	  2013,	  hosted	  in	  Las	  Vegas	  
(Phillips.	  R,	  et	  al.	  2013).	  This	  publication	  can	  be	  found	  in	  appendix	  (H).	  
Chapter	  5	  Introduction	  
The	  following	  chapter	  answers	  the	  question:	  If	  beekeepers	  could	  monitor	  their	  environment	  for	  
Citizen	  Science,	  what	  would	  they	  monitor?	  The	  Beekeepers’	  Poster	  Workshop	  builds	  on	  the	  
Beekeeping	  Ethnography	  results,	  where	  participants	  desired	  the	  ability	  to	  remotely	  ‘speak	  to	  their	  
apiaries’.	  The	  methodology,	  whilst	  directed	  at	  individual	  beekeepers,	  also	  encouraged	  wider	  
stakeholder	  input.	  The	  Poster	  Workshop	  was	  designed	  specifically	  for	  lay	  users	  by	  creating	  a	  design	  
process	  using	  illustrated	  ‘conversations’,	  making	  technology	  accessible	  for	  the	  audience.	  The	  chapter	  
uses	  methodologies	  for	  convergent	  outputs	  whilst	  allowing	  participants	  to	  accurately	  diverge	  from	  
the	  brief,	  validating	  the	  author’s	  intentions.	  The	  Poster	  Workshop	  focuses	  on:	  how,	  what,	  where,	  
when	  they	  would	  monitor	  for	  Citizen	  Science	  without	  the	  use	  of	  technological	  barriers	  to	  
comprehend	  the	  user’s	  desires,	  through	  the	  ‘conversations’	  method.	  The	  Poster	  Workshop’s	  
illustrated	  	  ‘conversations’	  remained	  cost	  effective,	  testing	  the	  authors’	  theories,	  without	  using	  
expensive	  technologies.	  	  
5.2 Poster	  Workshop	  Method:	  Design	  Rationale	  
To	  create	  effective	  design	  outputs,	  “designers	  must	  have	  an	  understanding	  of	  the	  characteristics	  and	  
diversity	  of	  those”	  they	  design	  for	  (McGinley	  2010,	  20).	  As	  previous	  ethnography	  work	  identified,	  
beekeeping	  is	  a	  broad	  complex	  practice	  and	  an	  extensive	  design	  territory.	  In	  Citizen	  Science	  Public	  
Participation	  in	  Environmental	  Research	  Bonney	  et	  al	  define	  Citizen	  Science	  project	  design	  
parameters:	  use	  multiple	  technologies,	  have	  inherent	  complexities	  and	  levels	  of	  engagement	  
dependent	  on	  their	  goals	  and	  participatory	  requirements	  (Louv,	  Dickinson	  et	  al.	  2012,	  19).	  The	  
complexity	  of	  Citizen	  Science	  and	  designing	  for	  lay	  users	  presents	  challenges.	  These	  challenges	  can	  
include	  translating	  relevant	  issues	  and	  topics	  for	  further	  investigation	  that	  are	  mutually	  interesting	  
for	  the	  user	  and	  the	  wider	  audience.	  To	  explore	  the	  tangibility	  of	  Citizen	  Science	  activities	  within	  
beekeeping,	  it	  was	  important	  to	  scrutinise	  design	  opportunities	  first	  hand	  with	  active	  beekeepers.	  
These	  active	  beekeepers	  could	  also	  become	  project	  champions	  in	  future	  endeavours.	  
	  
To	  understand	  the	  complex	  relationship	  between	  Citizen	  Science	  and	  beekeeping	  with	  the	  possibility	  
of	  this	  leading	  to	  Open	  Design	  opportunities,	  it	  was	  important	  to	  “humanise	  technology	  
innovatively”	  (Roux	  2011,	  22).	  The	  primary	  objective	  was	  to	  understand	  active	  beekeepers’/end-­‐
users’	  requirements,	  alongside	  those	  of	  Citizen	  Science	  project	  stakeholders.	  The	  objective	  was	  to	  
design,	  create	  and	  execute	  a	  participatory	  design	  workshop	  involving	  end-­‐users	  to	  develop	  and	  
inform	  the	  concept	  generation	  stage.	  Involving	  “end-­‐users	  in	  research	  activities	  [can	  consequently]	  
have	  diverse	  positive	  effects:	  on	  the	  quality	  or	  speed	  of	  the	  research	  and	  design	  process”	  (Liem,	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Sanders	  2011,	  3).	  Participatory	  design	  workshops	  align	  with	  user	  focus	  groups,	  where	  “a	  number	  of	  
people	  are	  brought	  together	  in	  one	  place	  to	  discuss	  a	  particular	  issue	  or	  set	  of	  issues”	  (Milton,	  A	  et	  
al.	  2013,	  70).	  Participatory	  design	  workshops	  also	  make	  material	  accessible	  to	  participants	  that	  
might	  be	  lacking	  relevant	  skills	  to	  articulate	  their	  concepts.	  This	  approach	  includes	  participants	  in	  the	  
process	  of	  design.	  
5.3 Poster	  Workshop:	  Objectives	  
The	  poster	  workshop	  focused	  on	  the	  following	  questions:	  if	  beekeepers	  could	  monitor	  environments	  
for	  personal	  and	  public	  Citizen	  Science	  use,	  what	  information	  would	  you	  like	  your	  hive	  to	  tell	  you?	  
What	  information	  you	  would	  like	  to	  know	  from	  your	  surrounding	  area?	  And	  what	  information	  do	  
you	  not	  want	  to	  publically	  share?	  The	  poster	  workshop	  also	  invited	  discussion	  of	  the	  contextual	  
considerations	  ramifications	  and	  concerns	  with	  participants.	  	  
5.4 Poster	  Workshop:	  Methodological	  Limitations	  
Workshop	  facilitators	  avoided	  leading	  participants	  but	  understood	  the	  study’s	  objectives.	  The	  study	  
was	  run	  once	  in	  a	  central	  London	  location	  and	  catering	  for	  sixteen	  participants,	  due	  to	  cost	  and	  
project	  timelines.	  
5.5 Poster	  Workshop	  Method:	  Study	  Group	  
The	  study	  group	  self-­‐selected	  to	  participate.	  The	  study	  group	  were	  BBKA	  members.	  The	  group	  had	  
not	  met	  prior	  to	  the	  workshop	  and	  ranged	  in	  demographic	  from	  18-­‐85,	  both	  male	  and	  female.	  	  	  
5.6 Poster	  Workshop	  Method:	  Design	  Considerations	  	  
The	  core	  aim	  of	  the	  Poster	  workshops	  was	  to	  start	  with	  existing	  knowledge	  based	  on	  the	  
ethnography	  work	  and	  not	  lead	  with	  technological	  applications.	  The	  ethnographic	  work	  contributing	  
to	  the	  workshop	  included:	  individual	  interest	  in	  hive	  monitoring	  and	  sharing	  accrued	  data	  with	  their	  
community,	  the	  restriction	  of	  identifying	  apiary	  locations,	  current	  analogue	  processes	  of	  monitoring	  
beehives,	  the	  scepticism	  of	  sharing	  publically	  compromising	  data	  on	  bee	  husbandry	  and	  a	  desire	  to	  
know	  events	  within	  neighbour’s	  apiaries.	  	  
In	  the	  Open	  P2P	  Design	  Toolkit	  (www.openp2pdesign.org),	  Menichinelli	  describes	  it	  is	  a	  priority	  to	  
“define	  the	  project”	  without	  building	  projects	  solely	  around	  technological	  capabilities	  (Massimo	  
Menichinelli	  2011,	  15).	  Once	  the	  project	  has	  been	  defined	  then	  appropriate	  technologies	  usage	  can	  
be	  determined	  within	  it.	  The	  poster	  workshop	  and	  the	  design	  tools	  created	  adhered	  to	  Menichinellis’	  
advice	  by	  humanising	  technology	  in	  the	  form	  of	  graphic	  posters,	  placing	  the	  emphasis	  on	  the	  user’s	  
need	  to	  ‘define	  the	  project’.	  
The	  use	  of	  design	  workshops	  for	  project	  development	  was	  an	  appropriate	  methodology	  because	  it	  
provides	  stakeholders	  with	  time	  to	  question,	  review	  and	  understand	  contextual	  information	  in	  real	  
time	  with	  active	  users.	  The	  imperative	  factor	  for	  collaborative/workshop	  design	  processes	  engaging	  
with	  end-­‐users	  provides	  the	  opportunity	  for	  designers	  to	  “reflect	  on	  who	  the	  people	  are	  that	  they	  
are	  designing	  for	  and	  with”	  (Mattelmäki,	  Brandt	  et	  al.	  2011b,	  79).	  It	  was	  important	  to	  use	  a	  design	  
methodology	  that	  was	  focused	  on	  developing	  tangible	  product	  outputs.	  This	  methodology	  could	  be	  
open	  to	  interpretation	  by	  users	  validating	  future	  design	  directions.	  The	  objectives	  of	  the	  poster	  
workshop	  were	  built	  on	  previous	  research:	  tool	  insights	  of	  beekeepers	  constructing	  equipment	  and	  
their	  ability	  to	  construct	  complex	  objects	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  2013b),	  ethnography	  study	  
and	  territory	  workshops	  identifying	  wider	  considerations	  of	  ‘opening’	  scenarios	  for	  anyone	  to	  
monitor	  anything	  within	  their	  surrounding	  environment	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  2013a).	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5.7 Poster	  Workshop	  Method:	  Graphic	  Poster	  Tools	  
The	  “key	  to	  running	  successful	  [workshops]	  is	  preparation”	  so	  the	  material	  directed	  participants	  and	  
stakeholders	  (Lofthouse,	  Lilley	  2006,	  2).	  The	  inclusion	  of	  end-­‐users	  within	  design	  workshops	  can	  
develop	  either	  “convergent	  conversation[s],	  narrow[ing]	  discussion	  or	  divergent	  conversation[s],	  
expand[ing]	  discussion	  by	  allowing	  for	  a	  multiplicity	  of	  perspectives”	  (Greenly,	  Carnall	  2001,	  44).	  To	  
simplify	  the	  poster	  workshop,	  graphic	  posters	  were	  designed	  because	  they	  are:	  cheap	  to	  produce,	  
“open	  to	  interpretation”	  (Hanington,	  Martin	  2012,	  83),	  engage	  participants	  and	  focused	  the	  group	  
on	  one	  research	  element	  at	  a	  time.	  The	  posters	  included	  drawing	  and	  annotating	  processes	  to	  
reduce	  the	  need	  for	  participants	  to	  have	  any	  previous	  design	  knowledge	  to	  communicate.	  The	  
poster’s	  intentions	  were	  to	  provoke	  responses	  through	  theoretical	  scenarios.	  Scenarios	  create	  
“speculative	  design	  concepts	  that	  are	  communicated	  through	  narratives”	  in	  turn	  providing	  
“responses	  from	  a	  range	  of	  audiences”	  (Milton,	  A	  et	  al.	  2013,	  32).	  The	  posters	  should	  help	  
participants	  follow	  scenarios,	  isolating	  their	  thinking	  to	  one	  task	  at	  a	  time,	  making	  it	  easier	  for	  them	  
to	  contribute.	  
The	  posters	  drew	  inspiration	  from	  the	  noun	  project	  (www.thenounproject.com)	  a	  repository	  of	  
pictograms.	  A	  pictogram	  is	  “a	  picture	  or	  symbol	  standing	  for	  a	  word	  or	  group	  of	  words”	  (Dictionary	  
2006,	  1172).	  These	  symbols	  communicate	  complex	  activities	  through	  visual	  representation.	  
Commonplace	  examples	  include	  road	  signage,	  where	  forthcoming	  situations	  need	  to	  be	  interpreted	  
quickly	  by	  the	  signs	  reader.	  Pictograms	  are	  also	  nondescript	  so	  they	  still	  encourage	  convergent	  and	  
divergent	  thinking,	  because	  they	  are	  open	  to	  interpretation.	  	  
The	  graphic	  elements	  introduced	  within	  the	  posters	  meant	  that	  users	  could	  focus	  on	  specific	  tasks	  
without	  having	  to	  understand	  complex	  technologies	  building	  on	  Menichinellis’	  theories.	  The	  poster	  
methodology	  also	  built	  on	  Sinclair’s	  practice	  of	  “users’	  exploring	  design	  territories	  in	  collaboration	  
with	  technical	  mediators”	  rather	  than	  issuing	  inappropriate	  technology	  to	  novice	  amateurs	  (Sinclair,	  
Campbell).	  The	  use	  of	  graphic	  posters	  was	  intended	  to	  break	  down	  barriers	  to	  creativity,	  enabling	  
participants	  to	  translate	  their	  concepts	  onto	  paper.	  
5.8 Poster	  Workshop	  Method:	  Project	  Partners	  
The	  beekeeping	  poster	  workshop	  partners	  were	  Wolff	  Olins’	  (www.wolffolins.com)	  social	  innovation	  
The	  Honey	  Club	  (www.honeyclub.org)	  with	  material	  approved	  by	  the	  British	  Beekeepers	  Association	  
(BBKA)	  (www.bbka.org.uk).	  The	  Honey	  Club	  currently	  uses	  beekeeping	  to	  encourage	  ‘NEETs’,	  youths	  
Not	  in	  Education,	  Employment	  or	  Training,	  to	  learn	  skills	  and	  engage	  in	  their	  environment,	  building	  
confidence.	  The	  BBKA	  is	  the	  National	  Beekeepers	  Association	  (registered	  charity)	  with	  a	  current	  
membership	  of	  24,000	  amateur	  beekeepers	  (at	  time	  of	  writing)	  (Anonymous	  2014).	  The	  BBKA	  is	  
research	  active	  and	  presents	  the	  perspective	  of	  a	  charity	  that	  might	  engage	  with	  Open	  Design	  and	  
Citizen	  Science	  for	  future	  public	  engagement	  or	  research	  activities.	  The	  partners	  were	  important	  in	  
providing	  venues,	  imparting	  feedback	  on	  workshop	  material,	  bringing	  credibility	  to	  recruitment	  and	  
validating	  the	  research	  tasks.	  
	  
Previous	  ethnography	  work	  had	  determined	  territories	  of	  interest	  for	  individual	  amateur	  beekeepers	  
and	  ascertained	  the	  BBKA’s	  interest	  in	  accessing	  nationally	  aggregated	  data	  on	  bee	  monitoring.	  This	  
provided	  both	  the	  individual	  beekeepers’	  and	  the	  BBKAs’	  motivation	  for	  participation.	  It	  was	  
essential	  to	  understand	  the	  motivating	  factors	  for	  beekeeper	  participation	  and	  intertwine	  them	  
within	  the	  poster	  workshop	  activities,	  as	  Citizen	  Science	  activities	  rely	  heavily	  on	  the	  engagement	  of	  
volunteers	  and	  “the	  motivations	  of	  participants”	  (Roy,	  H.E.	  et	  al.	  2012,	  5).	  	  
	  
Design	  workshops	  often	  centre	  on	  “common	  goals”,	  directing	  facilitators,	  designers,	  project	  
stakeholders	  and	  end-­‐users	  within	  frameworks	  to	  develop	  contextual	  proposals	  (Ozkaya,	  Akin	  2005,	  
165).	  The	  common	  goal	  of	  all	  workshop	  stakeholders	  was	  helping	  amateur	  beekeepers	  gain	  a	  picture	  
of	  bee	  health	  through	  monitoring	  hives	  in	  the	  United	  Kingdom.	  Another	  important	  factor	  in	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designing	  the	  poster	  workshop	  material	  was	  understanding	  beekeeping’s	  “dynamic	  relationships”	  
between	  amateurs,	  environmental	  issues,	  seasonal	  change,	  public	  engagement	  and	  monitoring	  
needs	  (Buchenau,	  Suri	  2000,	  2).	  	  
	  
Figure	  126,	  Workshop	  setup	  with	  inspirational	  images	  selected	  from	  previous	  ethnography	  
The	  poster	  workshop	  space	  was	  set	  up	  with	  inspirational	  images	  (Figure	  126)	  from	  the	  previous	  
ethnography	  study	  showing	  points	  of	  interest	  including:	  bee	  related	  ‘hacks’,	  bee	  hive	  inspections,	  
adapted	  beekeeping	  equipment,	  observed	  diseases,	  queen	  cells	  and	  brood	  patterns.	  Workshop	  
attendees	  were	  recruited	  online	  through	  partners’	  blogs,	  forums,	  Twitter	  accounts	  and	  websites,	  
with	  fifteen	  contributors	  self-­‐selecting	  to	  participate	  via	  an	  Eventbrite	  ticketing	  web	  page.	  A	  flyer	  
was	  also	  emailed	  to	  BBKA	  affiliated	  club	  secretaries,	  central	  to	  communication,	  throughout	  the	  
United	  Kingdom.	  Workshop	  recruitment	  material	  depicted	  a	  three-­‐hour	  session	  where	  ‘beekeepers	  
would	  idealise	  technology	  to	  monitor	  their	  bees’.	  The	  workshop	  did	  not	  require	  participants	  to	  bring	  
anything.	  	  
The	  workshop	  was	  run	  on	  a	  Friday	  afternoon	  to	  ensure	  participation	  and	  not	  interrupt	  stakeholders	  
work	  or	  weekends.	  No	  immediate	  incentives	  for	  participation	  were	  offered	  even	  though	  providing	  
“incentives	  [are]	  useful	  for	  encouraging	  participation”	  (Lofthouse,	  Lilley	  2006,	  4).	  The	  workshop	  
wanted	  to	  work	  with	  beekeepers	  who	  were	  self-­‐motivated	  to	  participate	  and	  possibly	  champion	  
future	  ventures.	  Participation	  incentives	  within	  this	  workshop	  were	  simply	  participants’	  access	  to	  
future	  project	  outputs	  and	  their	  curiosity.	  The	  poster	  workshop	  attendees	  were	  amateur	  beekeepers	  
accompanied	  by	  stakeholders	  and	  design	  facilitators.	  	  
5.9 Poster	  Workshop	  Method:	  Execution	  
Design	  workshop	  practices	  intend	  to	  make	  “consumer	  idealized	  design”	  tangible	  (Lofthouse,	  Lilley	  
2006,	  5).	  This	  ‘idealisation’	  enables	  facilitators	  to	  interrogate	  participants’	  opinions,	  ensuring	  there	  
was	  no	  miss-­‐translation	  of	  users’	  concepts,	  terminology	  and	  addressing	  possible	  apprehensions.	  
Lofthouses’	  methodologies	  of	  “consumer	  idealize	  design”,	  “involves	  users	  in	  the	  design	  process	  
allowing	  them	  to	  imagine	  the	  ideal”	  i.e.	  creating	  their	  perfect	  product,	  scenario	  or	  situation	  
(Lofthouse,	  Lilley	  2006,	  5).	  Lofthouse	  documents	  methods	  “consumer	  idealiz[ing]	  design”	  enabling	  
participants	  to	  “generate	  creative	  ideas	  which	  are	  not	  based	  on	  current	  limitations”	  through	  visual	  
tools	  (Lofthouse,	  Lilley	  2006,	  5).	  
Poster	  workshop	  attendees	  were	  initially	  briefed	  on	  Open	  Design/Citizen	  Science	  example	  projects	  
and	  grouped	  into	  teams	  of	  3	  participants	  with	  an	  accompanying	  facilitator.	  The	  introduction	  was	  
brief,	  contextualising	  the	  trajectory	  of	  monitoring	  concepts.	  The	  briefing	  was	  not	  detailed,	  avoiding	  
leading	  participants	  or	  possibly	  devaluing	  their	  opinion	  of	  their	  own	  knowledge	  (Figure	  127).	  The	  
facilitators’	  role	  ensured:	  every	  participant	  was	  heard,	  accurate	  translation	  of	  feedback	  and	  support	  
for	  beekeepers’	  divergence	  from	  the	  brief	  where	  appropriate.	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Figure	  127,	  Participants	  in	  discussion	  with	  their	  facilitators	  
In	  2000	  Buchenau	  and	  Suri	  published	  Experience	  Prototyping;	  within	  the	  publication,	  they	  comment	  
on	  an	  industry	  design	  practice	  that	  has	  become	  common	  place	  ‘experience	  prototyping’	  (Buchenau,	  
Suri	  2000).	  Experience	  prototyping	  is	  the	  concept	  of	  using	  “prototypes	  to	  understand	  existing	  
experience,	  explore	  design	  ideas	  and	  communicate	  design	  concepts”	  (Buchenau,	  Suri	  2000,	  1).	  These	  
prototypes	  help	  the	  design	  process	  by	  “influencing	  the	  way	  we	  think”	  (Buchenau,	  Suri	  2000,	  2).	  Even	  
though	  the	  posters	  are	  not	  ‘physical	  prototypes’,	  they	  present	  scenarios	  and	  ‘theoretical	  prototypes’	  
to	  design	  within,	  presenting	  wider	  topics	  to	  consider.	  The	  poster	  workshop	  offered	  both	  convergent	  
and	  divergent	  outputs,	  narrowing	  contextual	  information	  but	  narrowed	  participants’	  monitoring	  
needs	  through	  the	  graphic	  posters.	  	  
5.10 Poster	  Workshop	  Method:	  Workshop	  Material	  Design	  
In	  ‘The	  Motivations	  to	  Volunteer	  Theoretical	  and	  Practical	  Considerations’,	  Clary	  describes	  that	  the	  
“protection	  of	  one’s	  self-­‐interest	  is	  key	  to	  motivation”	  so	  the	  workshop	  posters	  started	  with	  
participants’	  individual	  needs	  and	  built	  out	  from	  there	  (Clary,	  Snyder	  1999,	  1518).	  The	  posters	  
adhered	  to	  Clary’s	  motivational	  considerations	  by	  starting	  workshop	  tasks	  at	  participants’	  own	  
‘theoretical’	  apiary	  sites.	  The	  posters	  then	  moved	  participants	  to	  think	  conceptually,	  exploring	  their	  
surrounding	  environments	  and	  community	  information	  with	  each	  poster.	  The	  narratives	  created	  by	  
the	  posters	  intend	  to	  “make	  it	  easy	  for	  the	  participants	  to	  follow”,	  providing	  concentration	  on	  one	  
issue	  at	  a	  time	  (Curedale	  2013,	  28).	  
	  
During	  the	  ethnography	  study,	  it	  became	  clear	  that	  studied	  participants	  were	  not	  interested	  in	  what	  
technologies	  were,	  but	  what	  they	  could	  do.	  Rather	  than	  tying	  the	  development	  of	  ideas	  to	  a	  
technology,	  the	  workshop	  sought	  to	  “humanise	  technology”	  (Hardwick	  2000,	  128).	  To	  achieve	  this,	  
the	  questions	  were	  framed	  as	  technologically	  enabled	  conversations	  that	  gave	  the	  participants	  
creative	  freedom	  within	  a	  framework	  of	  tangible	  ideas.	  The	  intention	  of	  creating	  technology	  enabled	  
conversations	  between	  apiaries	  and	  beekeepers	  ought	  to	  make	  participants	  feel	  welcome	  to	  voice	  
their	  opinions	  and	  theoretically	  ‘converse	  with	  their	  stock’.	  	  
	  
This	  conversation	  encourages	  the	  same	  approach	  as	  a	  pet	  owner	  who	  might	  talk	  to	  their	  animal	  with	  
empathy	  and	  care.	  Relevant	  technologies	  can	  then	  be	  applied	  to	  the	  theoretical	  conversations,	  
facilitating	  the	  generation	  of	  tangible	  product	  concepts.	  The	  posters	  did	  not	  cater	  for	  seasonal	  
changes	  as	  the	  author	  and	  project	  partners	  wanted	  participants	  to	  indicate	  if	  considerations	  were	  
required	  and	  how	  they	  would	  embody	  them.	  The	  posters	  posed	  the	  following	  theoretical	  
conversations,	  with	  graphic	  and	  pictogram	  support	  aiding	  users	  unfamiliar	  to	  the	  process	  of	  design.	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5.11 Poster	  Workshop	  Method:	  Graphic	  Posters	  Questions	  
1. If	  your	  hive/hives	  could	  talk,	  what	  information	  would	  you	  like	  it	  to	  tell	  you?	  	  
2. Inside	  the	  hive,	  map/draw	  what	  you	  would	  like	  to	  know?	  
3. Outside	  the	  hive,	  map/draw	  what	  you	  would	  like	  to	  know	  from	  the	  surrounding	  environment?	  
4. Map/draw	  what	  you	  would	  like	  to	  know	  from	  your	  neighbours	  hive/hives?	  
5. What	  information/data	  do	  you	  not	  want	  to	  publically	  broadcast?	  
5.12 Poster	  workshop	  Method:	  Graphic	  Poster	  1	  
The	  illustrative	  nature	  of	  the	  posters	  enabled	  participants	  to	  contribute	  without	  being	  threatened	  by	  
either	  their	  lack	  of	  technology	  knowledge	  or	  their	  amateur	  status	  as	  a	  beekeeper.	  The	  illustrations	  
make	  the	  topic	  non-­‐threatening	  and	  approachable.	  The	  bee	  hive	  depicted	  in	  (Figure	  128)	  was	  taken	  
from	  the	  WBC	  hive	  (www.thorne.co.uk),	  common	  and	  familiar	  to	  beekeepers.	  The	  graphic	  stood	  for	  
a	  stereotypical	  hive,	  not	  a	  specific	  hive.	  The	  rationale	  was	  that	  most	  hives	  are	  Langstroth,	  with	  
national,	  modified	  national	  and	  WBC	  being	  the	  most	  common	  within	  UK	  beekeeping.	  Top	  bar	  hives	  
and	  traditional	  straw	  skeps	  are	  not	  so	  common	  in	  current	  practice,	  observed	  in	  the	  ethnography.	  
The	  “modified	  national	  [beehive]	  being	  used	  in	  the	  greatest	  numbers	  within	  the	  UK”	  according	  to	  
the	  BBKA	  Beekeeping	  Study	  Notes	  for	  Basic	  Certificate	  (Yates	  1999,	  24).	  
The	  concept	  of	  beekeepers	  talking	  to	  their	  colony	  of	  bees	  should	  help	  workshop	  participants	  to	  
clarify	  information	  they	  wanted	  to	  know,	  and	  remove	  them	  from	  technology	  embodiments	  that	  
could	  do	  this,	  as	  the	  required	  information	  is	  more	  significant.	  Understanding	  the	  need(s)	  of	  the	  
participant	  was	  the	  highest	  priority.	  The	  author	  was	  concerned	  that,	  if	  technology	  had	  been	  used	  
instead	  of	  graphical	  communication,	  participants	  would	  simply	  either	  agree	  with	  the	  project	  
partners,	  not	  present	  their	  individual	  ‘conversations’	  or	  their	  input	  would	  have	  been	  devalued.	  
The	  design	  of	  the	  posters	  1,	  4	  and	  5	  gave	  bee	  hives	  and	  beekeepers	  illustrative	  speech	  bubbles,	  
removing	  technological	  fears,	  “humanising	  the	  technology”	  for	  participants	  (Hardwick	  2000,	  128).	  
The	  poster	  material	  was	  interested	  in	  ‘how	  the	  beekeeper	  and	  the	  bee	  conceptually	  talked	  to	  each	  
other’	  and	  the	  information	  exchange.	  Leading	  with	  technology	  can	  create	  a	  ‘technology	  push’,	  
possibly	  resulting	  in	  not	  understanding	  the	  problem	  adhering	  to	  Menichinellis’	  guidance	  mentioned	  
earlier.	  The	  poster	  workshop	  used	  Mattelmaki’s	  design	  principle	  of	  “deconstruct[ing]	  the	  familiar	  in	  
order	  to	  estrange	  the	  familiar”	  by	  staging	  the	  posters	  one	  by	  one	  (Mattelmäki,	  Brandt	  et	  al.	  2011a,	  
83).	  The	  posters	  deconstructed	  the	  participants’	  theoretical	  ‘bee	  conversations’	  stage	  by	  stage,	  to	  be	  
supplemented	  with	  technological	  applications.	  This	  deconstruction	  allowed	  participants	  to	  question	  
familiar	  topics,	  as	  beekeepers.	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Figure	  128,	  Poster	  1,	  speech	  bubbles	  depicting	  communication	  by	  each	  party	  
5.13 Poster	  Workshop	  Method:	  Graphic	  Poster	  2	  
Poster	  2	  (Figure	  127)	  is	  an	  illustration	  of	  a	  beehive,	  directing	  information	  feedback	  on	  a	  hive’s	  
internals	  the	  participant(s)	  wanted	  to	  know	  or	  monitor.	  This	  was	  a	  close	  step	  from	  poster	  1	  but	  more	  
focused	  on	  the	  internal	  workings	  of	  the	  hive,	  rather	  than	  just	  ‘theoretical	  two	  way	  conversations’	  
with	  bees.	  The	  graphic	  lines	  denoted	  locations	  within	  the	  hive	  that	  participants	  would	  like	  to	  
monitor.	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Figure	  129,	  Poster	  2,	  focusing	  on	  elements	  inside	  the	  hive	  
5.14 Poster	  Workshop	  Method:	  Graphic	  Poster	  3	  
At	  the	  time	  of	  running	  the	  poster	  workshop,	  the	  ‘neonicotinoids	  ban’	  was	  at	  the	  height	  of	  discussion	  
in	  British	  Parliament.	  Neonicotinoids	  “are	  a	  group	  of	  chemicals	  used	  as	  insecticides”,	  these	  
insecticides	  are	  sprayed	  onto	  fields	  within	  commercial	  agriculture,	  protecting	  crops	  and	  can	  drift	  on	  
prevailing	  winds	  (GOV.UK	  2013).	  Beehives	  and	  apiaries	  are	  often	  placed	  on	  isolated	  land	  or	  farmland	  
located	  off	  the	  public	  highway,	  neonicotinoids	  and	  their	  spraying	  presented	  a	  larger	  concern	  relating	  
to	  ‘the	  surrounding	  environment	  and	  the	  effect	  that	  has	  on	  beehives’.	  It	  is	  possible	  for	  “worker	  bees	  
to	  travel	  up	  to	  5	  miles	  from	  a	  hive’s	  location”,	  so	  questioning	  apiaries’	  unseen	  surroundings	  and	  
recording	  subsequent	  environmental	  effects	  on	  their	  colony	  of	  honey	  bees	  was	  paramount	  
(Anonymous	  2014).	  	  
The	  design	  of	  poster	  3	  (Figure	  130)	  had	  concentric	  rings	  stemming	  from	  the	  hives’	  location	  in	  
increments	  of	  half	  a	  mile.	  This	  built	  on	  Clarys’	  theories	  that	  the	  “protection	  of	  ones’	  self-­‐interest	  is	  
key	  to	  motivation”	  (Clary,	  Snyder	  1999,	  1518).	  Poster	  3	  encouraged	  workshop	  participants	  to	  
populate	  positive	  and	  negative	  occurrences	  they	  wanted	  to	  know	  about	  in	  their	  apiaries’	  
surrounding	  area.	  The	  intention	  of	  poster	  3	  was	  not	  only	  to	  gain	  an	  understanding	  of	  monitoring	  
apiaries’	  surroundings,	  but	  also	  pointed	  towards	  how	  a	  ‘network	  of	  information’	  might	  be	  perceived	  
by	  the	  participants.	  Within	  this	  theoretical	  network,	  participants	  might	  witness	  negative	  or	  positive	  
factors	  that	  might	  affect	  their	  honey	  yield	  or	  the	  health	  of	  their	  colonies.	  It	  was	  observed	  in	  previous	  
work	  (ethnography)	  that	  beekeepers	  heavily	  rely	  on	  their	  networks	  and	  other	  fellow	  beekeepers	  for	  
seasonal	  information,	  experience	  and	  disease	  diagnosis.	  For	  example,	  within	  the	  context	  of	  poster	  3,	  
beekeepers	  could	  recruit	  friends,	  family	  or	  other	  community	  groups	  to	  monitor	  for	  occurrences	  in	  
the	  environment	  surrounding	  their	  apiary,	  if	  appropriate	  remunerations	  and	  motivations	  were	  
created.	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The	  pictograms	  at	  the	  base	  of	  poster	  3	  (Figure	  130)	  were	  intended	  to	  provoke	  responses,	  giving	  
participants	  freedom	  to	  express	  their	  opinions,	  developing	  group	  discussions.	  The	  posters’	  directions	  
asked	  the	  participants	  to	  specifically	  map/draw	  what	  [they]	  would	  like	  to	  know	  from	  the	  surrounding	  
environment.	  The	  importance	  of	  not	  prescribing	  the	  surrounding	  environment	  gave	  the	  participants	  
the	  freedom	  to	  think	  about	  their	  hives	  located	  in	  urban,	  suburban	  or	  countryside	  environments.	  This	  
question	  was	  specifically	  vague,	  not	  assuming	  that	  participants	  were	  interested	  in	  the	  concept	  of	  
‘monitoring’,	  but	  specifically	  in	  the	  information	  they	  required.	  
	  
Figure	  130,	  Poster	  3,	  concentric	  rings	  depicting	  distance	  from	  the	  hive	  
5.15 Poster	  Workshop	  Method:	  Graphic	  Poster	  4	  
Poster	  4	  was	  aimed	  toward	  understanding	  the	  exchange	  of	  information	  between	  beekeepers’	  
networks,	  community	  peers	  and	  neighbours,	  presenting	  opportunities	  for	  data	  and	  information	  
sharing	  (Figure	  131).	  The	  participant’s	  hive	  was	  depicted	  in	  grey,	  with	  neighbours’	  hives	  located	  
around	  it	  with	  speech	  bubbles.	  The	  use	  of	  speech	  bubbles	  was	  intended	  for	  participants	  to	  identify	  
what	  they	  wanted	  their	  neighbours’	  beehives	  to	  disclose.	  During	  the	  ethnography	  study,	  an	  apiary	  
visit	  was	  conducted	  with	  the	  bee	  inspector,	  who	  had	  to	  condemn	  hives	  located	  next	  to	  a	  diseased	  
hive.	  Poster	  4	  intentionally	  did	  not	  focus	  on	  how	  the	  inter-­‐neighbour	  communication	  would	  work,	  
but	  what	  the	  participants	  wanted	  to	  know	  from	  their	  neighbours’	  hives.	  	  
	  
The	  Internet	  of	  Things	  (IOT)	  extrapolates	  the	  idea	  of	  the	  Internet	  (a	  global,	  interconnected	  network	  
of	  computers)	  to	  “describe	  a	  network	  of	  interconnected	  things	  such	  as	  objects,	  products	  and	  objects	  
in	  the	  surrounding	  environments”	  (Hribernik,	  Ghrairi	  et	  al.	  2011,	  1).	  The	  concept	  of	  the	  Internet	  of	  
Things	  lets	  physical	  objects	  talk	  to	  each	  other,	  providing	  information	  on	  artefacts	  (with	  appropriate	  
technology)	  that	  can	  be	  made	  accessible	  to	  others.	  This	  activity	  encouraged	  broadcasting	  apiaries’	  
individual	  information	  that	  might	  benefit	  others	  in	  the	  near	  vicinity.	  This	  public	  broadcasting	  of	  
information,	  regardless	  of	  technology,	  questions	  ‘what	  are	  people	  willing	  to	  share’?	  And,	  more	  
importantly,	  ‘what	  people	  are	  not	  willing	  to	  share	  and,	  possibly,	  why’?	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Figure	  131,	  Poster	  4,	  speech	  bubbles	  depicting	  communication	  between	  neighbouring	  hives	  
5.16 Poster	  Workshop	  Method:	  Graphic	  Poster	  5	  
Poster	  5	  (Figure	  132)	  investigated	  ‘what	  information	  do	  you	  not	  want	  to	  publically	  broadcast?’,	  in	  
order	  to	  understand	  the	  negative	  aspects	  of	  beekeepers	  openly	  broadcasting	  data	  and	  positive	  
sharing	  identifying	  ideals	  that	  could	  be	  discussed	  during	  the	  feedback	  session.	  Poster	  5	  built	  on	  
Hribernik	  et	  al’s	  approach	  documented	  in	  Co-­‐creating	  the	  Internet	  of	  Things,	  but	  was	  not	  concerned	  
with	  whether	  the	  participants’	  ‘theoretical	  devices’	  (created	  in	  the	  workshop)	  were	  connected	  via	  
the	  Internet	  or	  not.	  Understanding	  what	  participants	  did	  not	  want	  to	  communicate	  to	  the	  ‘outside	  
world’	  was	  critical	  as	  it	  could	  counteract	  motivations	  in	  future	  proposals.	  The	  question	  stated:	  ‘I	  do	  
not	  want	  my	  hive	  to	  publically	  say’.	  The	  facilitators	  were	  told	  not	  to	  state	  who	  the	  ‘public’	  were,	  as	  
this	  was	  for	  the	  participating	  beekeepers	  to	  decide.	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Figure	  132,	  Poster	  5,	  speech	  bubbles	  depicting	  what	  participants	  did	  not	  want	  to	  publically	  say	  
5.17 Poster	  Workshop	  Method:	  Method	  of	  Analysis	  
After	  the	  posters	  were	  completed,	  each	  of	  the	  teams	  had	  a	  review	  period	  to	  discuss	  salient	  themes	  
with	  the	  facilitators.	  This	  gave	  the	  participants	  the	  opportunity	  to	  self-­‐critique	  and	  truly	  be	  involved	  
in	  the	  participatory	  design	  process	  “because	  they	  are	  morally	  entitled	  to	  have	  a	  say	  in	  anything	  that	  
might”	  affect	  them	  (Carroll,	  Rosson	  2007,	  258).	  Each	  group	  then	  fed	  back	  to	  the	  entire	  group	  in	  a	  
brief	  eight-­‐minute	  presentation	  highlighting	  areas	  they	  had	  explored,	  feared	  and	  disregarded	  and	  
emphasized	  theoretic	  products	  they	  had	  created.	  The	  entire	  group	  wrote	  down	  headings	  that	  
covered	  salient	  themes	  of	  discussions	  for	  post	  workshop	  analysis.	  The	  group	  activity	  then	  formed	  an	  
open	  discussion	  around	  the	  following	  areas:	  fears	  of	  ‘open’,	  individual	  and	  community	  use	  of	  data	  
and	  positive	  and	  negative	  embodiments	  of	  their	  workshop	  ‘ideal	  creations’.	  On	  leaving	  the	  poster	  
workshop,	  participants	  were	  given	  a	  wider	  audience	  probe	  (explained	  later)	  to	  capture	  latent	  
thoughts	  and	  ideas	  that	  might	  occur	  later.	  
	  
Peers	  from	  the	  BBKA	  analysed	  the	  poster	  workshop	  results	  against	  their	  own	  criteria,	  including	  the	  
following	  five	  elements:	  	  
1) Gathering	  information	  that	  answers	  individual	  beekeepers’	  needs,	  for	  their	  growing	  national	  
membership.	  	  
2) Solutions	  must	  motivate	  participation,	  giving	  something	  back	  and	  not	  simply	  gleaning	  
information	  from	  participants	  through	  their	  endeavours.	  
3) Collated	  data	  could	  inform	  community	  data,	  possibly	  informing	  new	  methods	  of	  research	  
practice	  for	  them,	  from	  around	  the	  United	  Kingdom.	  	  
4) The	  research	  activity	  needs	  to	  consider	  possible	  detrimental	  factors	  from	  the	  offset,	  
avoiding	  negative	  actions	  on	  honey	  bee	  colonies.	  
5) Creating	  a	  narrative	  that	  is	  easy	  to	  understand,	  encouraging	  press	  and	  media	  opportunities,	  
possibly	  leading	  to	  more	  charitable	  support	  or	  new	  public	  engagement	  methods	  through	  
technology.	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Finally,	  the	  insights	  were	  organised	  into	  proposals	  that	  could	  be	  explored.	  This	  was	  done	  during	  the	  
discussion	  section	  of	  the	  workshop	  so	  participants	  could	  see	  common	  themes	  they	  were	  all	  
interested	  in.	  Workshop	  findings	  that	  adhered	  to	  the	  BBKA’s	  criteria	  were	  then	  translated	  into	  
tangible	  outputs	  to	  take	  forwards,	  based	  on	  accessible	  ‘open’	  technology	  that	  fits	  into	  an	  
appropriate	  “Citizen	  Science	  model”	  (Louv,	  Dickinson	  et	  al.	  2012).	  Findings	  outside	  the	  BBKA’s	  
criteria	  have	  not	  been	  included	  within	  the	  results	  section.	  
5.18 Poster	  Workshop	  Method:	  Summary	  	  
Designers	  need	  “information	  about	  the	  contexts	  of	  people’s	  interactions	  with	  products	  in	  order	  to	  
design	  products	  that	  fit	  into	  the	  lives	  of	  the	  people	  who	  will	  use	  them”	  (Visser,	  Stappers	  et	  al.	  2005).	  
The	  workshop	  built	  upon	  the	  author’s	  previous	  work,	  insights	  and	  workshop	  methodologies	  from	  
Visser	  (Visser,	  Stappers	  et	  al.	  2005),	  Suri	  (Suri	  2003),	  Lee	  (Lee	  2008),	  Carroll	  (Carroll,	  Rosson	  2007)	  
and	  Lofthouses’	  (Lofthouse,	  Lilley	  2006).	  The	  poster	  workshop	  narrowed	  the	  territory	  of	  ‘what	  
amateur	  beekeepers	  would	  monitor’,	  be	  interested	  in	  sharing,	  and	  viewing	  peers’	  wider	  community	  
findings.	  The	  workshop	  built	  on	  prior	  findings	  from	  the	  ethnographic	  study	  within	  the	  methodology	  
and	  drilled	  down	  into	  key	  topics,	  informing	  the	  research’s	  direction	  for	  amateur	  monitoring	  and	  
Citizen	  Science	  requirements.	  	  
5.19 Results	  Study	  3,	  Poster	  Workshop	  
5.20 Poster	  Workshop:	  Recap	  
The	  poster	  workshop	  was	  a	  three-­‐hour	  Open	  Design	  and	  Citizen	  Science	  territory	  scoping	  exercise	  
with	  beekeepers	  and	  Bee	  Lab	  project	  stakeholders	  testing:	  if	  beekeepers	  could	  monitor	  
environmental	  data	  related	  to	  the	  practice	  of	  keeping	  bees,	  would	  they	  be	  interested	  and	  what	  
would	  they	  want	  to	  know?	  The	  following	  results	  of	  the	  poster	  workshop	  are	  restricted	  to	  the	  insights	  
that	  met	  the	  criteria	  of	  the	  BBKA	  defined	  in	  the	  methodology.	  	  
	  
Figure	  133,	  Facilitators	  helping	  workshop	  participants	  	  
Figure	  134,	  Participants	  engaging	  in	  the	  workshop	  
5.21 Poster	  1	  Results:	  If	  your	  Hive	  /	  Hives	  Could	  Talk,	  What	  Information	  Would	  You	  Like	  it	  to	  Tell	  You?	  
The	  main	  participant	  conversations	  surrounding	  poster	  1	  were	  the	  ability	  for	  the	  bees	  or	  the	  hive	  to	  
self-­‐diagnose	  their	  issues	  or	  diseases.	  The	  participants	  commented	  that	  they	  wanted	  theoretical	  
systems	  to	  present	  possible	  solutions	  or	  disease	  management	  protocols.	  The	  conversations	  instilled	  
one	  comment	  regarding	  bees	  theoretically	  saying	  “I’m	  sick”	  (Figure	  135)	  or	  “I	  have	  got	  Varroa”	  
(Figure	  136).	  The	  scenario	  of	  honey	  bees	  feeling	  ill	  could	  identify	  the	  problem	  before	  the	  event	  
occurs,	  something	  that	  is	  hard	  to	  do	  and	  could	  prove	  inaccurate.	  To	  achieve	  this	  ‘prediction’,	  a	  
database	  of	  comparative	  data	  would	  be	  required	  to	  correlate	  data	  against.	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  139	  of	  265	  
	  
Figure	  135,	  I’ve	  got	  Varroa	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  136,	  I’m	  sick	  
	  
Figure	  137,	  I	  emit	  pheromones	  
	  
Workshop	  Team	  2	  were	  interested	  in	  the	  pheromones	  that	  bees	  already	  give	  off	  and	  the	  potential	  
for	  translating	  that	  information	  into	  communication	  understood	  by	  the	  beekeeper	  (Figure	  137).	  
During	  the	  discussion,	  the	  participants	  had	  no	  comprehension	  of	  whether	  this	  concept	  of	  using	  
pheromones	  to	  create	  positive	  and	  negative	  communication	  would	  work.	  Team	  2	  then	  stated	  that	  
they	  wanted	  the	  bees	  to	  tell	  them	  when	  chemical	  traces	  or	  pesticides	  were	  present	  near	  the	  apiary.	  	  
	  
The	  two	  common	  results	  were	  identifying	  the	  protocols	  and	  actions	  of	  when	  a	  hive	  is	  going	  to	  swarm	  
and	  identifying	  disease/documenting	  disease.	  The	  process	  of	  swarm	  monitoring	  consists	  of	  many	  
interconnected	  factors,	  which	  are	  often	  hard	  to	  predict	  precisely.	  It	  is	  thought	  that,	  “if	  a	  hive	  gets	  
very	  crowded,	  there	  will	  be	  less	  queen	  pheromone,	  especially	  on	  the	  outer	  margins	  of	  the	  nest,	  and	  
this	  will	  [give]	  signals	  for	  a	  new	  queen	  to	  commence”	  (Cramp	  2011,	  25).	  All	  three	  of	  the	  teams	  noted	  
conversations	  that	  communicated	  different	  disease	  conversations,	  including	  Varroa,	  chalk	  brood	  and	  
foul	  brood.	  Disease	  monitoring	  and	  diagnosis	  was	  a	  common	  theme	  amongst	  all	  groups	  and	  was	  
discussed	  at	  the	  end	  of	  the	  workshop.	  The	  concept	  of	  disease	  diagnosis	  covers	  three	  elements	  of	  the	  
criterion	  that	  was	  created:	  1)	  gathering	  information	  that	  answers	  individual	  beekeepers’	  needs,	  2)	  a	  
solution	  would	  motivate	  participation	  and	  3)	  collated	  data	  could	  inform	  community	  data.	  
5.22 Poster	  2	  Results:	  Inside	  the	  Hive,	  Map	  /	  Draw	  What	  You	  Would	  Like	  to	  Know	  
A	  common	  theme	  amongst	  the	  teams	  was	  the	  poster’s	  use	  to	  phrase	  the	  question:	  ‘What	  happens	  
when	  I	  am	  not	  there?’	  When	  discussed	  with	  participants,	  none	  of	  them	  could	  really	  rationalise	  this	  
interest;	  they	  saw	  it	  as	  an	  opportunity.	  The	  notion	  of	  ‘activity	  during	  absence’	  identified	  knowledge	  
they	  required	  whilst	  they	  were	  absent	  from	  their	  apiary.	  All	  of	  the	  teams	  unanimously	  wanted	  to	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know	  the	  weight	  of	  their	  individual	  hive	  (Figure	  138	  &	  139).	  A	  hive’s	  weight	  is	  a	  “good	  health	  
indicator”	  and	  it	  can	  identify	  other	  apicultural	  factors	  in	  that	  monitored	  area	  (Lefebvre,	  Pierre	  2006,	  
8).	  In	  Standard	  Methods	  for	  Estimating	  Strength	  Parameters	  of	  Apis	  Melliferra	  Colonies,	  Delaplane	  et	  
al	  describes	  the	  importance	  of	  the	  hive’s	  weight	  and	  the	  net	  weight	  of	  bees	  (weight	  of	  bees	  without	  
the	  hive)	  (Delaplane,	  van	  der	  Steen	  et	  al.	  2013,	  3).	  The	  weight,	  complemented	  by	  the	  beekeeper’s	  
experience	  can	  identify	  health	  and	  food	  stocks	  located	  within	  the	  colony.	  All	  three	  teams	  
commented	  that	  understanding	  the	  internal	  weight	  of	  a	  hive	  externally	  was	  critical	  to	  their	  practice.	  
	  
Figure	  138,	  Weight	  of	  hive	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  139,	  Weight	  of	  hive,	  close	  up	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
Participants	  were	  also	  interested	  in	  defining	  the	  internal	  hive	  temperature	  as	  it	  also	  signposts	  the	  
health	  of	  the	  hive.	  In	  Miscellaneous	  Standard	  Methods	  for	  Apis	  mellifera	  Research,	  Human	  et	  al	  
define	  the	  various	  methods	  for	  scientific	  analysis	  on	  ‘the	  honey	  bee’;	  these	  findings	  emulate	  the	  
same	  themes	  that	  the	  workshop	  beekeepers	  were	  discussing	  (Human,	  Brodschneider	  et	  al.	  2013,	  2).	  
Humidity	  and	  Co2	  readings	  were	  also	  a	  prolific	  feature	  of	  discussion	  throughout	  all	  three	  of	  the	  
groups	  in	  the	  workshop	  as	  some	  diseases	  like	  chalk	  brood	  have	  been	  known	  to	  elevate	  levels	  of	  Co2	  
within	  a	  hive	  (Cramp	  2011,	  72).	  	  
	  
Lastly,	  the	  participants	  wanted	  to	  know	  the	  hive’s	  “intake	  of	  pollen”,	  again,	  so	  they	  could	  judge	  the	  
health	  of	  the	  hive	  (Yates	  1999,	  42).	  The	  rate	  of	  a	  hive’s	  pollen	  intake	  changes	  over	  the	  course	  of	  the	  
beekeeping	  season	  (Cramp	  2011,	  71),	  so,	  in	  conversations,	  workshop	  participants	  were	  interested	  in	  
the	  theoretical	  ‘legacy’	  that	  their	  data	  could	  create	  after	  monitoring	  for	  generations.	  The	  largest	  
concern	  throughout	  the	  groups	  was	  avoiding	  over	  inspecting	  hives	  or	  a	  system	  possibly	  suggesting	  
when	  they	  should	  inspect.	  This	  regularity	  to	  inspect	  is	  something	  that	  comes	  from	  experience,	  but	  
the	  participating	  beekeepers	  wanted	  to	  inspect	  their	  hives	  as	  little	  as	  physically	  possible.	  As	  Yates	  
describes	  in	  BBKAs’	  Beekeeping	  Study	  Notes	  for	  BBKA	  Basic	  Certificate:	  
	  
As	  a	  “consequence	  of	  exposing	  the	  contents	  of	  the	  hive	  for	  inspection,	  bees	  will	  waste	  their	  
energies	  on	  fanning	  to	  remove	  smoke,	  heat	  will	  be	  lost	  from	  the	  brood	  nest,	  cleaning	  up	  the	  
remains	  of	  squashed	  bees	  will	  involve	  additional	  work,	  returning	  foragers	  will	  be	  disorientated	  by	  
the	  presence	  of	  the	  beekeeper	  and	  pollen	  loads	  are	  often	  abandoned	  instead	  of	  being	  packed	  
neatly	  into	  storage	  cells”	  (Yates	  1999,	  5).	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Figure	  140,	  Any	  dead	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  141,	  See	  the	  queen	  	  	  	  	  	  	  
Team	  3	  identified	  the	  factors	  that	  they	  discussed	  to	  be	  negative:	  ‘any	  dead’	  (Figure	  140)	  and	  the	  
possibility	  of	  ‘seeing	  the	  queen’	  (Figure	  141).	  The	  concept	  of	  monitoring	  for	  dead	  bees	  has	  a	  
negative	  undertone.	  They	  commented	  they	  would	  not	  share	  that	  information,	  merely	  the	  rate	  of	  
growth	  in	  a	  percentage	  but	  not	  the	  raw	  data	  of	  the	  amount	  of	  dead	  bees.	  Participants	  commented	  
that	  the	  concept	  of	  seeing	  the	  queen	  was	  an	  indicator	  that	  their	  hive	  is	  in	  good	  condition.	  	  
	  
Figure	  142,	  Active	  and	  healthy	  queen	  	  	  	  	  	  	  	  	  	  	  
Figure	  143,	  Active	  and	  healthy	  queen,	  close	  up	  	  	  	  	  	  	  	  	  
	  
Figure	  144,	  Amount	  of	  bees	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  145,	  Amount	  of	  bees,	  close	  up	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Team	  3	  wanted	  to	  monitor	  for	  a	  healthy	  queen	  (Figure	  142	  &	  143);	  they	  presented	  this	  in	  the	  
feedback	  session.	  During	  the	  discussion,	  they	  commented	  that	  they	  did	  not	  know	  how	  they	  could	  do	  
this	  or	  parameters	  that	  could	  be	  monitored	  for.	  All	  of	  the	  teams	  converged	  on	  monitoring	  the	  
weight	  of	  their	  hives	  but	  for	  different	  reasons.	  Whilst	  Team	  1	  was	  interested	  in	  knowing	  the	  entire	  
weight	  of	  the	  hive,	  Team	  2	  were	  interested	  in	  weighing	  the	  amount	  of	  bees	  so	  they	  could	  see	  the	  
rate	  they	  were	  growing	  as	  a	  colony	  (Figure	  144	  &	  145).	  
5.23 Poster	  3	  Results:	  Outside	  the	  Hive,	  Map	  /	  Draw	  What	  You	  Would	  Like	  to	  Know	  From	  The	  
Surrounding	  Environment.	  
The	  workshop	  was	  conducted	  at	  the	  height	  of	  the	  controversial	  neonicotinoids	  pesticides	  ban	  
(GOV.UK	  2013).	  A	  common	  issue	  raised	  by	  the	  workshop	  beekeepers	  was	  ‘understanding	  the	  
surrounding	  pollution’	  of	  distant	  farmers’	  spraying,	  correlated	  with	  wind	  direction.	  This	  information	  
could	  let	  beekeepers	  know	  what	  the	  ‘current	  air	  pollution	  is’	  and	  inform	  their	  actions	  (Figure	  146).	  
The	  problem	  comes	  that,	  unless	  beekeepers	  have	  a	  relationship	  with	  the	  farmer,	  nothing	  can	  really	  
be	  done…	  you	  just	  know	  that	  your	  hives	  are	  being	  sprayed	  or	  about	  to	  be	  sprayed	  if	  the	  feedback	  is	  
live.	  A	  beekeeper	  can	  move	  their	  hive	  to	  avoid	  possible	  airborne	  contaminants	  but	  a	  percentage	  of	  
their	  colony	  will	  be	  foraging	  possibly	  many	  miles	  away	  from	  the	  hive	  and	  oblivious	  to	  its	  relocation	  
(DEFRA	  2014).	  	  
	  
Figure	  146,	  Surrounding	  issues	  from	  neighbouring	  areas	  
Team	  2	  wanted	  to	  monitor	  alternative	  apiary	  sites	  that	  could	  be	  donated	  by	  land	  owners	  or	  councils.	  
These	  locations	  could	  be	  shared	  amongst	  a	  community	  of	  beekeepers	  and	  growers.	  These	  ‘alternate	  
sites’	  raised	  in	  (Figure	  148)	  present	  different	  locations	  for	  beekeepers	  to	  move	  their	  hives	  
throughout	  the	  beekeeping	  year.	  The	  other	  mapping	  metrics	  the	  workshop	  beekeepers	  required	  
were	  water	  sources	  and	  the	  locations	  of	  other	  ‘friendly	  beekeepers’	  they	  could	  go	  to	  for	  equipment	  
and	  advice	  (Figure	  148).	  Finally,	  Team	  2	  were	  keen	  to	  monitor	  ‘access’	  (Figure	  147).	  During	  the	  
discussion	  phase	  the	  group	  were	  interested	  in	  access	  as	  a	  two-­‐way	  operation.	  They	  were	  interested	  
in	  being	  able	  to	  gain	  access	  to	  new	  potential	  apiary	  sites	  but	  also	  to	  monitor	  the	  foot	  traffic	  of	  
specific	  spaces.	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Figure	  147,	  Land	  access	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  148,	  Alternate	  sites	  and	  mentor	  locations	  
	  
Figure	  149,	  Unhealthy	  hives/diseases	  and	  beyond	  
	  
Team	  2	  also	  wanted	  to	  map	  ‘unhealthy	  hives/diseases	  and	  beyond’	  (Figure	  149).	  During	  the	  
discussion,	  the	  same	  participants	  wanted	  to	  see	  the	  effects	  of	  more	  widespread	  diseases	  over	  a	  
larger	  area	  to	  judge	  potential	  spreads,	  relocating	  their	  hives	  accordingly.	  During	  the	  discussion,	  one	  
of	  the	  participants	  did	  comment	  that,	  even	  though	  they	  would	  find	  such	  a	  ‘diseased	  hives	  list’	  useful,	  
they	  would	  be	  concerned	  to	  be	  on	  it	  as	  they	  felt	  they	  would	  be	  publically	  viewed	  as	  a	  bad	  
beekeeper.	  
5.24 Poster	  4	  Results:	  Your	  Neighbour’s	  Hive,	  Map	  /	  Draw	  What	  You	  Would	  Like	  to	  Know	  From	  
Them?	  
The	  participants	  were	  also	  interested	  in	  getting	  an	  understanding	  of	  ‘hive	  population	  density’	  in	  
their	  local	  area.	  In	  Determining	  the	  Optimal	  Distribution	  of	  Bee	  Colony	  Locations	  to	  Avoid	  
Overpopulation	  Using	  Mixed	  Integer	  Programming,	  Ramon	  et	  al	  comment	  that,	  in	  over	  populated	  
hive	  areas,	  “some	  beekeepers	  encounter	  problems,	  such	  as	  slowdown	  in	  the	  rate	  of	  bee-­‐product	  
production,	  due	  to	  the	  competition	  within	  the	  area	  where	  they	  keep	  bee	  colonies”	  (Esteves,	  
Villadelrey	  et	  al.	  2010,	  2).	  This	  concept	  could	  populate	  a	  map	  with	  hive	  locations	  so	  beekeepers	  
could	  locate	  their	  hives	  and	  not	  ‘over	  fill’	  particular	  areas.	  The	  notion	  of	  ‘hive	  spotting’	  would	  
require	  careful	  execution	  by	  an	  authorised	  closed	  system,	  protecting	  hives’	  locations.	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Figure	  150,	  Disease	  infestation	  	  	  	  	  	  	  	  	  	  	  
Figure	  151,	  Density	  of	  apiaries	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Participants	  identified	  that	  disease	  patterns	  and	  neighbours’	  diseases	  were	  valid	  (Figure	  150).	  They	  
were	  worried	  about	  how	  this	  could	  be	  misunderstood	  and	  taken	  from	  a	  negative	  angle,	  translated	  as	  
“bad	  husbandry”	  (Yates	  1999,	  87).	  Participants	  wanted	  to	  access	  ‘data’	  to	  understand	  how	  
neighbours	  solved	  problems	  with	  similar	  characteristics.	  This	  might	  not	  just	  be	  in	  the	  form	  of	  
observing	  your	  immediate	  neighbour	  but	  could	  include	  observing	  ‘international	  climate	  similes’,	  
where	  similar	  climatic	  conditions	  are	  replicated	  around	  the	  world	  during	  different	  seasons,	  a	  
proposal	  that	  everyone	  can	  learn	  from	  (Figure	  151).	  For	  example,	  in	  recent	  years	  (2013),	  the	  United	  
Kingdom	  has	  had	  extensive	  rainfalls	  affecting	  bees	  with	  “winter	  losses	  of	  honey	  bee	  colonies	  [that	  
have	  been]	  the	  worst	  since	  records	  began	  six	  years	  ago”	  (McGrath	  2013).	  Foreign	  climates	  also	  host	  
honey	  bees.	  Could	  a	  networked	  system	  draw	  from	  international	  lessons? This	  overarching	  ability	  to	  
correlate	  accrued	  data	  and	  compare	  it	  to	  other	  entities	  holds	  value	  (Figure	  152).	  	  
	  
Figure	  152,	  Connection	  of	  disease	  information	  transferring	  to	  bee	  inspectors	  
Finally,	  Team	  2	  discussed	  mapping	  the	  flight	  paths	  of	  their	  bees	  to	  know	  ‘where	  their	  bees	  are	  going’	  
(Figure	  153).	  When	  the	  participants	  explained	  their	  decisions	  in	  the	  discussion	  section,	  they	  
explained	  that	  they	  would	  like	  the	  technology	  to	  track	  their	  individual	  bees	  and	  document	  their	  
flight	  paths	  within	  their	  local	  area.	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Figure	  153,	  “Whose	  bees	  am	  I	  seeing”	  
5.25 Poster	  5	  Results:	  What	  Information	  /	  Data	  do	  You	  Not	  Want	  to	  Publically	  Broadcast?	  
The	  wider	  question	  that	  participants	  asked	  was:	  who	  is	  ‘the	  public’?	  The	  response	  was	  ‘anyone’	  
which	  changed	  the	  tone	  of	  the	  workshop.	  Participants	  were	  nervous	  about	  ‘anyone’	  having	  access	  to	  
their	  data,	  mainly	  dependent	  on	  who	  the	  audience	  was.	  They	  were	  content	  for	  the	  bee	  inspector	  or	  
a	  scientific	  body	  to	  have	  access	  to	  their	  data,	  but	  wanted	  to	  control	  that	  process.	  The	  beekeepers	  
wanted	  complete	  transparency	  of	  what	  they	  would	  be	  monitoring	  and	  possible	  impacts	  that	  this	  
could	  have	  on	  their	  ‘husbandry’	  and	  how	  they	  are	  seen	  by	  their	  peers	  (Figure	  154).	  During	  the	  
discussion	  phase	  of	  the	  poster	  workshop,	  participants	  were	  very	  concerned	  about	  whether	  the	  data	  
they	  had	  accrued	  could	  be	  misread	  by	  someone	  who	  did	  not	  understand	  it.	  
	  
Figure	  154,	  Devices	  producing	  data	  that	  can	  be	  negative	  to	  the	  beekeeper	  
Figure	  155,	  Devices	  producing	  data	  that	  can	  be	  negative	  to	  the	  beekeeper	  
Two	  out	  of	  the	  three	  groups	  were	  very	  concerned	  about	  the	  perceived	  chain	  of	  data	  that	  could	  
implicate	  their	  bad	  beekeeping	  actions.	  Figure	  155,	  depicts	  Group	  2’s	  concerns	  regarding	  ‘nothing	  
that	  signals	  things	  going	  too	  wrong’.	  When	  discussed,	  the	  participants	  were	  worried	  about	  how	  an	  
uninformed	  reader	  of	  the	  data	  could	  perceive	  that	  something	  catastrophic	  had	  happened,	  when	  
perhaps	  really	  the	  batteries	  had	  run	  out.	  	  
The	  participants	  wanted	  to	  phase	  release	  the	  data	  for	  the	  public	  domain.	  During	  the	  discussion,	  they	  
gave	  no	  indication	  of	  exact	  timings.	  The	  participants	  were	  continually	  worried	  about	  ‘hive	  security’	  
(Figure	  156).	  All	  of	  the	  workshop	  groups	  raised	  the	  issue	  that	  they	  were	  worried	  about	  thefts	  and	  
vandalism	  by	  man	  or	  beast	  whilst	  they	  were	  not	  there.	  During	  the	  discussion	  and	  feedback	  session,	  
the	  participants	  highlighted	  that	  offering	  beekeepers	  a	  tool	  for	  security	  could	  constitute	  a	  
motivating	  factor	  for	  participating	  in	  future	  studies	  (Figure	  156).	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Figure	  156,	  Hive	  security	  
5.26 Poster	  Workshop	  Results:	  How	  Findings	  Answer	  The	  Research	  Question	  
The	  participants	  were	  well	  versed	  in	  “The	  Case	  of	  The	  Empty	  Hives”	  and	  David	  Hackenberg’s	  media	  
coverage	  of	  Colony	  Collapse	  Disorder	  (CCD),	  something	  that	  they	  all	  feared	  (Stokstad	  2007,	  970).	  In	  
answer	  to	  the	  question	  ‘If	  beekeepers	  could	  monitor	  environments	  for	  Citizen	  Science,	  what	  would	  
they	  monitor?’,	  the	  following	  results	  have	  been	  collated	  into	  four	  main	  categories	  that	  are	  important	  
factors	  to	  consider	  for	  future	  Open	  Design/Citizen	  Science	  ventures.	  The	  categories	  were	  created	  by	  
the	  participants	  during	  the	  workshop	  feedback	  session.	  The	  categories	  support	  the	  BBKA’s	  criteria	  
and	  anchor	  their	  thoughts	  in	  more	  grounded	  literature:	  
1) Answering	  the	  Individual’s	  need	  because	  “protection	  of	  ones’	  self-­‐interest	  is	  key	  to	  
motivation”	  (Clary,	  Snyder	  1999,	  1528).	  	  
2) Motivation	  because	  “citizen	  science	  projects	  are	  inherently	  about	  partnerships,	  
collaborations	  between	  scientists	  and	  volunteers”	  (Louv,	  Dickinson	  et	  al.	  2012,	  78).	  	  
3) Community	  because	  “community	  and	  technology	  form	  a	  bond,	  in	  isolation	  neither	  
functions”	  (Hess	  1979,	  97).	  
4) The	  detrimental	  fears	  and	  factors	  that	  need	  consideration	  so	  they	  “do	  not	  cause	  problems	  
later	  down	  the	  line”	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S).	  
Individual	  Monitoring	  
The	  proposals	  are	  formulated	  from	  common	  themes	  that	  were	  repeated	  by	  all	  of	  the	  groups	  and	  
that	  concurred	  with	  the	  criteria	  created	  by	  the	  BBKA.	  The	  proposals	  were	  discussed	  and	  formed	  with	  
the	  workshop	  participants	  during	  the	  discussion	  and	  feedback	  session	  of	  the	  poster	  workshop.	  
Proposal	  1	  
Individually,	  the	  participants	  were	  all	  interested	  in	  monitoring	  for	  conditions	  when	  a	  hive	  could	  
swarm;	  this	  situation	  is	  something	  that	  mainly	  affects	  the	  individual	  beekeeper,	  as	  their	  bees	  
abscond	  from	  the	  hive.	  A	  swarm	  of	  honey	  bees	  is	  also	  a	  valuable	  commodity,	  so	  you	  would	  need	  to	  
be	  careful	  about	  whom	  you	  are	  communicating	  this	  information	  to.	  This	  proposal	  fits	  three	  of	  the	  
five	  criteria	  that	  was	  outlined	  by	  the	  BBKA,	  with	  the	  rationales	  approved	  in	  the	  workshop	  discussion:	  
proposal	  1	  would	  gather	  information	  that	  answers	  individual	  needs	  (criterion	  1),	  participants	  would	  
be	  motivated	  to	  participate	  (criterion	  2)	  and	  the	  collated	  data	  could	  inform	  community	  data	  
(criterion	  3),	  looking	  for	  patterns	  and	  repeatable	  trends.	  
Proposal	  2	  
The	  pollen	  intake	  of	  the	  beehive	  was	  of	  interest	  to	  the	  participants	  as	  it	  can	  point	  towards	  the	  health	  
of	  the	  hive	  but,	  again,	  only	  really	  identifies	  the	  health	  of	  an	  individual	  hive.	  The	  weight	  of	  the	  hive	  
was	  largely	  deemed	  a	  ‘signpost	  of	  health’	  as	  beekeepers	  ‘hand	  heft’	  the	  weight	  of	  hives	  during	  the	  
winter	  months.	  This	  observation	  was	  also	  shared	  by	  the	  ethnography	  work.	  The	  weight	  fluctuations	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can	  also	  demonstrate	  how	  much	  “feed	  has	  been	  used	  and	  honey	  has	  been	  put	  on”	  (Cramp	  2011,	  
71).	  The	  rate	  at	  which	  the	  bees	  are	  taking	  in	  feed	  over	  the	  months	  is	  controlled	  by	  the	  individual	  
beekeeper.	  Late	  “autumn	  is	  the	  usual	  time	  to	  feed	  bees	  to	  help	  them	  over	  the	  winter	  period”	  
(Cramp	  2011,	  71).	  Information	  and	  data	  on	  the	  rate	  at	  which	  bees	  are	  feeding	  was	  of	  interest	  to	  the	  
BBKA	  but	  the	  information	  could	  be	  given	  either	  orally	  or	  through	  note	  taking,	  relying	  on	  the	  accuracy	  
of	  the	  individuals’	  notes	  (Figure	  157).	  Proposal	  2	  highlights	  four	  of	  the	  BBKA’s	  criteria	  1,	  2,	  3	  and	  5.	  
Proposal	  3	  
The	  internal	  temperature	  is	  of	  interest	  to	  the	  individual	  beekeeper	  as	  they	  can	  see	  how	  the	  hive	  is	  
being	  regulated	  and	  can	  act	  accordingly.	  The	  internal	  humidity	  and	  Co2	  levels	  are	  of	  interest	  as	  they	  
point	  towards	  chalk	  brood	  and	  other	  bee	  diseases	  (Cramp	  2011,	  20).	  Monitoring	  tools	  would	  help	  
individuals	  avoid	  over	  inspecting	  their	  hives.	  Proposal	  3	  highlights	  four	  of	  the	  BBKA’s	  criteria	  1,	  2,	  3	  
and	  5.	  
	  
Figure	  157,	  “I	  am	  hungry”	  
The	  concept	  of	  monitoring	  the	  surrounding	  pollution	  of	  distant	  farmers’	  spraying,	  correlated	  with	  
wind	  direction,	  is	  an	  individual	  and	  community	  solution.	  The	  design	  opportunity	  would	  benefit	  both	  
the	  farmer	  and	  the	  beekeeper.	  Careful	  systems	  would	  have	  to	  be	  in	  place	  to	  avoid	  false	  positives	  and	  
give	  enough	  warning	  to	  the	  beekeepers.	  The	  only	  real	  course	  of	  action	  is	  to	  close	  or	  move	  the	  hive;	  
this	  presents	  a	  difficulty	  when	  half	  the	  colony	  could	  already	  be	  out	  during	  the	  time	  of	  spraying.	  	  
The	  following	  headings	  came	  from	  discussions	  with	  the	  BBKA	  and	  the	  Honey	  Club	  (social	  innovation),	  
as	  they	  were	  prevalent	  themes	  amongst	  the	  participants.	  Similarly,	  the	  following	  headings	  came	  
from	  the	  participants’	  discussion,	  all	  of	  which	  were	  common	  themes	  highlighted	  by	  all	  15	  
participants.	  
5.27 Poster	  Workshop	  Results:	  Summary	  
The	  workshop	  guided	  a	  group	  of	  beekeepers	  unfamiliar	  to	  accessible	  technology	  through	  a	  series	  of	  
design	  challenges,	  starting	  with	  their	  own	  needs	  and	  terminating	  with	  community	  contributions.	  
Community	  monitoring	  was	  discussed,	  along	  with	  Citizen	  Science	  contributions.	  The	  results	  formed	  a	  
tangible	  set	  of	  insights	  that	  translated	  into	  design	  proposals.	  The	  cost,	  complexity	  and	  technology	  
capability	  was	  critical	  to	  determining	  technological	  applications	  that	  were	  worthy	  to	  progress.	  
The	  poster	  workshop	  enabled	  the	  participants	  to	  develop	  concepts	  informing	  their	  beekeeping	  
practice	  by	  accurately	  translating	  their	  thoughts	  into	  tangible	  concepts.	  The	  participants	  were	  
motivated	  to	  know	  all	  aspects	  of	  monitoring	  their	  hives	  but,	  more	  importantly,	  they	  were	  interested	  
in	  similar	  national	  behaviours	  or	  neighbours	  hives	  that	  could	  affect	  their	  activities.	  The	  workshop	  
narrowed	  the	  area	  of	  investigation	  to	  tangible	  measurands	  that	  could	  be	  reviewed	  by	  researchers	  
and	  technologists	  for	  the	  development	  of	  the	  Bee	  Lab	  Kit.	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Study	  4,	  Wider	  Audience	  Probe	  (If	  beekeepers	  could	  monitor	  environmental	  data	  related	  to	  the	  
practice	  of	  keeping	  bees,	  would	  they	  be	  interested	  and	  what	  would	  they	  want	  to	  know?)	  
5.28 Probe	  2:	  Objective	  
The	  poster	  workshop	  explored	  theoretical	  project	  territories	  and	  plausible	  monitoring	  directions.	  
This	  work	  engaged	  15	  participants	  from	  London	  and	  Sussex	  (Phillips.	  R,	  et	  al.	  2013).	  To	  avoid	  
polarised	  or	  insular	  viewpoints	  of	  the	  territory,	  a	  wider	  audience	  probe	  was	  designed	  and	  deployed.	  
This	  repeated	  and	  built	  on	  the	  same	  questions	  the	  poster	  workshop	  raised	  over	  a	  larger	  self-­‐selecting	  
sample	  size.	  The	  repetition	  of	  the	  questions	  included:	  what	  information	  would	  you	  like	  your	  hive	  to	  
tell	  you?	  information	  from	  within	  the	  hive,	  information	  outside	  the	  hive	  and	  what	  you	  would	  like	  to	  
know	  from	  your	  neighbours	  hive/hives?	  The	  wider	  audience	  probe	  rephrased	  material	  that	  required	  
facilitators	  to	  ask	  more	  direct	  questions,	  as	  it	  is	  hard	  to	  understand	  participants’	  nuances	  from	  a	  
cultural	  probe.	  The	  intention	  also	  investigated	  the	  user’s	  view	  of	  an	  ideal	  hive	  and	  beekeeping	  
scenarios,	  building	  on	  the	  “territory	  defining	  workshop”	  using	  human	  senses	  as	  technological	  
analogies	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S).	  	  
	  
The	  wider	  audience	  probe	  methodology	  gave	  participants	  time	  to	  think	  about	  ‘developing	  
technological	  two-­‐way	  conversations	  with	  their	  bees’.	  The	  wider	  audience	  included	  participants	  that	  
could	  not	  attend	  the	  poster	  workshop.	  Other	  participants	  were	  recruited	  through	  partners’	  websites,	  
blogs,	  social	  media	  and	  printed	  newsletters	  produced	  and	  nationally	  distributed	  throughout	  the	  
United	  Kingdom	  by	  the	  BBKA.	  Participants	  self-­‐selected	  to	  participate	  without	  incentives	  being	  
offered.	  Throughout	  the	  text,	  the	  wider	  audience	  probe	  will	  be	  referred	  to	  as	  Probe	  2.	  
5.29 Probe	  2:	  Methodological	  Limitation	  
The	  study’s	  recruitment	  was	  limited	  to	  audiences	  in	  the	  United	  Kingdom	  due	  to	  the	  cost	  of	  postage	  
and	  advertising,	  with	  a	  recruitment	  window	  of	  two	  months.	  Probe	  2	  could	  have	  been	  a	  smartphone	  
app	  or	  online	  questionnaire	  but	  these	  options	  were	  avoided	  due	  to	  cost	  and	  the	  exclusion	  of	  
demographics	  not	  owning	  smartphone	  technologies.	  
Probe	  2	  Method:	  Study	  Group	  
The	  study	  group	  self-­‐selected	  to	  participate.	  The	  study	  group	  were	  BBKA	  members.	  The	  group	  
worked	  remotely,	  never	  meeting	  each	  other,	  and	  ranged	  in	  demographic	  from	  18-­‐85,	  both	  male	  and	  
female.	  	  	  
5.30 Probe	  2	  Method:	  Design	  	  
The	  design	  of	  Probe	  2	  did	  not	  rely	  on	  external	  elements	  such	  as	  computers,	  cameras	  or	  alternate	  
tools	  (Figure	  158).	  It	  built	  on	  techniques	  learnt	  from	  the	  self-­‐creating	  &	  making	  probe,	  i.e.	  that	  the	  
participants	  needed	  to	  complete	  the	  material	  onsite,	  not	  on	  a	  computer	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  
S	  2013b).	  Probe	  2	  was	  a	  printed	  book,	  removing	  barriers	  of	  user	  technology	  knowledge.	  It	  could	  be	  
completed	  at	  the	  participants’	  remote	  apiary	  site	  and	  within	  their	  own	  time.	  Probe	  2	  applied	  the	  
same	  design	  rationale	  as	  the	  self-­‐creating	  &	  making	  probe	  with	  clear	  print	  typography,	  and	  the	  
requirement	  to	  be	  completed	  remotely,	  remove	  technological	  understanding	  and	  enable	  opinion	  
review.	  100	  probes	  were	  distributed	  to	  participants;	  45	  were	  completed	  and	  returned.	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Figure	  158,	  Probe	  2	  book	  
Probe	  2’s	  design	  paid	  careful	  attention	  to	  “question	  wording	  and	  response	  options,	  length,	  layout	  
and	  design”	  as	  this	  could	  also	  deter	  participants	  (Hanington,	  Martin	  2012,	  140).	  The	  question	  
phrasing	  drew	  from	  Bradburn’s	  near	  obvious	  questionnaire	  rationale	  of	  “ask	  what	  you	  want	  to	  
know,	  not	  something	  else”	  (Bradburn,	  Sudman	  et	  al.	  2004,	  2).	  Frog	  Design	  (professional	  design	  
research	  practitioners)	  state	  in	  Connecting	  with	  Users:	  a	  Design	  Research	  Primer	  for	  Healthcare	  
State,	  that	  “terminology	  and	  language	  in	  user	  research	  material	  is	  something	  that	  requires	  careful	  
consideration”	  (Tam	  2013).	  	  
	  
Probe	  2	  was	  tested	  with	  local	  beekeepers	  prior	  to	  the	  launch	  because,	  “during	  questionnaire	  
development,	  considerable	  pilot	  work	  [is	  required]	  to	  refine	  wording	  and	  content”	  (Rattray,	  Jones	  
2007,	  237).	  Terminology	  and	  defining	  Probe	  2’s	  questions	  was	  important	  as	  the	  focus	  was	  not	  on	  the	  
technology	  but	  rather	  on	  ‘what	  users	  wanted	  it	  to	  do’.	  Probe	  2’s	  completion	  did	  not	  require	  any	  
special	  equipment,	  so	  it	  was	  easy	  to	  complete	  at	  a	  participant’s	  apiary	  site,	  following	  the	  same	  
rationale	  as	  the	  self-­‐making	  &	  creating	  Probe	  1.	  The	  location	  in	  which	  participants	  were	  completing	  
Probe	  2	  was	  important	  in	  its	  design	  as	  lay	  users	  often	  need	  inspiration	  to	  uncover	  their	  tacit	  
knowledge.	  Online	  questionnaires	  could	  have	  been	  completed	  by	  participants	  at	  their	  computers	  
and	  not	  at	  the	  ‘research	  site’,	  the	  apiary.	  	  
5.31 Probe	  2	  Method:	  Sections	  
Probe	  2	  was	  broken	  into	  two	  to	  four	  page	  spread	  sections,	  making	  information	  “digestible,	  
appropriate	  and	  minimising	  user	  apprehension”	  according	  to	  Fanning’s	  questionnaire	  guidelines	  
(Fanning	  2005,	  2).	  Throughout	  the	  Probe	  2	  book,	  space	  was	  provided	  for	  notes	  and	  comment.	  The	  
sections	  started	  by	  defining	  university	  ethical	  procedures,	  “guaranteeing	  anonymity”	  (Bradburn,	  
Sudman	  et	  al.	  2004,	  17)	  for	  future	  publication(s).	  The	  second	  page	  provided	  a	  glossary	  of	  terms,	  
removing	  the	  need	  for	  “prior	  knowledge”	  outside	  participants’	  area	  of	  expertise	  (Bettman,	  Park	  
1980,	  234).	  The	  glossary	  defined	  Open	  Design,	  Citizen	  Science	  and	  sensors	  supported	  by	  example	  
project	  links	  and	  further	  reading	  to	  explore	  if	  desired.	  	  
The	  design	  of	  each	  Probe	  2	  section	  built	  on	  previous	  sections,	  documenting	  the	  participants’	  
opinions	  and	  investigating	  more	  depth	  with	  each	  stage.	  Within	  each	  section,	  questions	  were	  “open-­‐
ended,	  closed	  and	  semi-­‐closed”	  to	  provoke	  specific	  and	  varied	  responses	  (Del	  Greco,	  Walop	  1987,	  
584).	  Understanding	  the	  user’s	  motivation	  within	  the	  design	  of	  questionnaire	  brought	  elements	  
from	  Fanning’s	  theories,	  making	  them	  digestible	  and	  appropriate	  (Fanning	  2005,	  11-­‐12).	  Probe	  2	  
carefully	  considered	  terminologies,	  “avoid[ing]	  ambiguous	  words”,	  ensuring	  new	  beekeepers	  and	  lay	  
users	  of	  technology	  were	  accommodated	  (Del	  Greco,	  Walop	  1987,	  584).	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5.32 Probe	  2	  Method:	  You	  and	  Beekeeping	  	  
The	  topics	  started	  with	  ‘you	  and	  beekeeping’,	  gathering	  information	  on	  expertise	  and	  experience,	  
rationale	  for	  keeping	  bees,	  the	  perceived	  value	  of	  participants’	  honey,	  biggest	  fears	  within	  
beekeeping,	  existing	  beekeeping	  equipment	  and	  an	  inventory	  of	  technology	  within	  their	  home	  
(Figure	  159).	  The	  questions	  built	  on	  Bradburn’s	  theories	  of	  “ask	  what	  you	  want	  to	  know,	  not	  
something	  else”	  (Bradburn,	  Sudman	  et	  al.	  2004,	  2).	  In	  the	  framing	  of	  the	  questions,	  the	  terminology	  
used	  simple	  terms	  like	  ‘value’,	  not	  monetary	  value,	  as	  finance	  might	  not	  be	  the	  only	  motivating	  
factor.	  	  
The	  following	  questions	  were	  asked	  in	  the	  first	  section	  of	  Probe	  2:	  	  
-­‐ Describe	  your	  experience,	  expertise	  or	  knowledge	  in	  beekeeping	  and	  why	  you	  are	  fascinated	  by	  it?	  
-­‐ Why	  do	  you	  keep	  bees?	  (Other	  than	  honey)	  i.e.	  pollination,	  preservation...	  etc	  (please	  rank	  in	  order	  
of	  importance)	  
-­‐ Describe	  the	  value	  of	  your	  honey	  to	  you?	  
-­‐ What	  are	  your	  biggest	  fears	  in	  beekeeping?	  
-­‐ How	  many	  hives	  with	  colonies	  do	  you	  have?	  	  
-­‐ How	  many	  hives	  are	  constructed	  but	  empty?	  	  
-­‐ How	  many	  hives	  are	  unassembled?	  
-­‐ What	  type	  of	  hives	  do	  you	  have?	  
-­‐ Why	  did	  you	  choose	  these?	  
-­‐ What	  varieties	  of	  bees	  do	  you	  have?	  If	  this	  is	  by	  choice	  or,	  if	  you	  had	  a	  choice,	  what	  would	  you	  
choose	  and	  why?	  
Understanding	  people’s	  personal	  belongings	  “can	  reveal	  the	  things	  that	  are	  highly	  valued	  by	  people	  
and	  identify	  how	  they	  assign	  personal	  meanings”	  (Milton,	  A	  et	  al.	  2013,	  29).	  Another	  route	  to	  user’s	  
needs	  was	  assisting	  participants	  to	  curate	  a	  “personal	  inventory”,	  where	  users	  “identify	  things	  that	  
are	  important	  to	  them”	  (IDEO	  2003).	  A	  “personal	  inventory”	  of	  technology	  was	  gathered	  to	  identify	  
participants’	  readily	  available	  ‘technologies’	  (IDEO	  2003).	  Personal	  inventories	  are	  “useful	  for	  
revealing	  people’s	  activities,	  perceptions,	  and	  values”,	  in	  this	  case	  it	  was	  primarily	  to	  identify	  
technologies	  (IDEO	  2003).	  The	  questions	  intended	  to	  gather	  “information	  about	  the	  contexts	  of	  
people’s	  interactions	  with	  products	  in	  order	  to	  design	  products	  that	  fit	  into	  the	  lives	  of	  the	  people	  
who	  will	  use	  them”,	  critical	  elements	  to	  both	  user-­‐centred	  design	  and	  Open	  Design	  rationales	  
(Visser,	  Stappers	  et	  al.	  2005,	  137).	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Figure	  159,	  Questions	  and	  personal	  inventory	  	  
5.33 Probe	  2	  Method:	  Location	  and	  Information	  
Section	  2	  built	  upon	  poster	  3	  used	  in	  the	  poster	  workshop	  with	  concentric	  rings	  around	  an	  illustrated	  
house,	  determining	  the	  hive’s	  distance	  from	  the	  user’s	  home	  (Figure	  159).	  The	  intention	  was	  to	  
clarify	  whether	  remote	  environment	  monitoring	  was	  required	  and	  if	  wireless	  networks	  were	  in	  
range.	  This	  section	  followed	  poster	  workshop	  rationale	  in	  responding	  to	  bees’	  travel	  distance	  and	  
the	  environmental	  factors	  affecting	  beekeeping	  from	  afar.	  The	  section	  interrogated	  participants	  
regarding	  local	  flora	  and	  fauna	  (referred	  to	  as	  forage)	  information	  surrounding	  their	  apiary	  because	  
“the	  availability	  of	  surrounding	  forage”	  is	  critical	  knowledge	  for	  any	  apiariy’s	  well-­‐being	  and	  might	  
present	  alternate	  monitoring	  opportunities	  (Yates	  1999,	  7).	  Whilst	  the	  study	  was	  interested	  in	  
beekeepers	  using	  Open	  Design,	  it	  was	  also	  interested	  in	  finding	  areas	  where	  the	  general	  public	  could	  
engage.	  Using	  the	  public	  could	  lead	  to	  more	  public	  engagement	  so	  the	  questions	  did	  not	  always	  
focus	  on	  ‘what	  the	  user	  wanted	  for	  their	  hive’	  but	  also,	  what	  they	  wanted	  to	  know	  from	  the	  
surrounding	  area.	  The	  graphic	  (Figure	  160)	  built	  on	  the	  poster	  workshop’s	  rationale	  of	  creating	  a	  
map	  of	  concentric	  rings	  with	  incremental	  distances	  from	  the	  home	  and	  hive	  for	  each	  question.	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Figure	  160,	  Concentric	  rings	  around	  user’s	  apiary	  and	  home	  
5.34 Probe	  2	  Method:	  Using	  Analogies	  for	  Technology	  Sensing	  
In	  Design	  Analogy	  and	  Creativity,	  Goel	  describes	  the	  use	  that	  analogies	  can	  “play	  a	  central	  role	  in	  
innovation	  and	  creativity”	  (Goel	  1997,	  62).	  An	  analogy	  is	  “a	  comparison	  made	  to	  show	  similarities”,	  
so	  analogies	  can	  substitute	  complex	  technologies	  with	  appropriate	  terms	  that	  lay	  users	  are	  familiar	  
with	  (Collins	  1999,	  53).	  The	  technology	  section	  (3)	  built	  on	  the	  author’s	  previous	  workshop	  
methodologies	  of	  “using	  human	  senses	  to	  create	  technological	  analogies”	  (Phillips.	  R,	  Baurley.	  S,	  
Silve.	  S	  2013a).	  The	  section	  also	  expanded	  Goels’	  theories	  of	  creating	  analogies	  for	  technology	  as	  
they	  wanted	  to	  encourage	  lay	  users’	  concepts	  and	  ideas	  (Goel	  1997,	  62).	  	  
	  
Participants	  were	  given	  analogies	  of	  human	  senses:	  sight,	  sound,	  touch	  taste	  and	  smell	  (Figure	  161).	  	  
The	  analogies	  expanded	  participants’	  own	  knowledge	  and	  encouraged	  the	  creation	  of	  “inventive	  
attainable	  concepts”	  (Evans	  2008,	  195).	  The	  analogic	  rationale	  intended	  to	  “humanis[e]	  the	  
technology”	  for	  lay	  participants	  without	  technological	  training	  in	  sensing	  applications,	  as	  the	  target	  
audience	  were	  amateurs	  (Hardwick	  2000,	  128).	  	  
	  
For	  each	  analogy,	  sight	  etc.,	  participants	  were	  asked:	  how	  would	  a	  theoretical	  device	  use	  sight	  (or	  
alternate	  sense)	  to	  record	  data	  from	  inside	  the	  hive?	  How	  would	  it	  use	  sight	  to	  record	  data	  from	  
outside	  the	  hive?	  The	  section	  then	  repeated	  the	  question	  for	  each	  subsequent	  sense.	  It	  was	  
important	  to	  ask	  questions	  about	  internal	  and	  external	  sensing	  to	  the	  hive	  as	  the	  location	  
determines	  who,	  beekeeper	  or	  non-­‐beekeeper,	  can	  engage	  in	  future	  project	  proposals.	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Figure	  161,	  Human	  sense	  analogies	  for	  technology,	  (smell	  is	  excluded	  as	  it	  follows	  an	  identical	  format)	  
5.35 Probe	  2	  Method:	  You	  and	  Your	  Hives	  /	  Bees	  
Section	  4	  built	  on	  the	  successful	  ‘speech	  bubbles’	  (Figure	  162)	  used	  in	  the	  poster	  workshop	  to	  ask	  
the	  same	  question	  of	  “if	  your	  hives/hive	  could	  talk,	  what	  information	  would	  you	  like	  it	  to	  tell	  you”?	  
(Phillips.	  R,	  et	  al.	  2013).	  The	  ‘conversations’	  were	  important	  as	  they	  freed	  the	  participant	  from	  
sensing	  technologies	  and	  asked	  them	  what	  they	  wanted	  to	  know.	  The	  section’s	  graphics	  were	  
simple,	  using	  pictograms	  for	  representational	  feedback,	  intentionally	  making	  visuals	  clear	  for	  
comprehension	  (Figure	  162).	  	  
	  
In	  ‘Understanding	  Citizen	  Science	  and	  Environmental	  Monitoring’,	  Roy	  describes	  how	  the	  uptake	  of	  
Citizen	  Science	  has	  been	  increased	  and	  advanced	  by	  the	  public’s	  proliferation	  of	  smartphone	  
ownership	  (Roy,	  H.E.	  et	  al.	  2012,	  11).	  The	  study’s	  focus	  is	  on	  participants	  ‘constructing	  artefacts’	  
beyond	  the	  smartphone,	  but	  the	  photographic	  opportunity	  cannot	  be	  overlooked.	  The	  section	  asked	  
participants	  to	  create	  drawings	  or	  provide	  a	  photograph	  in	  response	  to	  the	  question:	  if	  you	  could	  
share	  an	  image/photo	  for	  monitoring	  or	  advice	  purposes,	  what	  would	  it	  be	  of?	  (Figure	  162)	  The	  
section	  also	  questioned	  ‘what	  participants	  would	  want	  in	  return	  for	  sharing	  their	  information’.	  As	  
Roy	  identifies,	  the	  other	  major	  factor	  in	  Citizen	  Science	  activities	  is	  “participant	  motivation”	  and	  
remuneration	  that	  could	  encourage	  motivation	  (Roy,	  H.E.	  et	  al.	  2012,	  9).	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Figure	  162,	  Communication	  pictograms	  from	  poster	  workshop	  and	  photographic	  drawing	  spaces	  
5.36 Probe	  2	  Method:	  You	  and	  a	  Community	  of	  Hives	  
In	  the	  BBKA’s	  ‘Beekeeping	  Study	  Notes’	  for	  Basic	  Certification	  of	  Beekeeping	  Exams,	  Yates	  describes	  
that	  beekeeping	  is	  not	  an	  isolated	  task,	  it	  holds	  many	  complex	  factors,	  including	  neighbours’	  
apiaries,	  the	  sharing	  of	  knowledge	  and	  the	  subsequent	  spread	  of	  disease	  (Yates	  1999).	  The	  
concentric	  rings	  were	  used	  again	  to	  ask	  a	  more	  open	  brief	  of	  what	  participants	  would	  like	  to	  know	  
about	  their	  hives’	  environment.	  Even	  though	  fauna	  and	  flora	  has	  already	  been	  explored,	  the	  process	  
did	  not	  want	  to	  dismiss	  other	  information	  that	  participants	  might	  require	  from	  their	  surroundings	  
(Figure	  163).	  The	  graphic	  element	  asked	  the	  participant	  to	  annotate	  positive	  and	  negative	  aspects	  
that	  affect	  their	  hives/	  bees	  within	  the	  location/	  distance	  of	  interest.	  The	  invitation	  to	  document	  
positive	  and	  negative	  information	  was	  to	  understand	  what	  the	  participants	  did/did	  not	  want	  from	  
their	  surrounding	  area.	  
	  
The	  following	  questions	  asked	  participants	  what	  they	  monitor	  for	  in	  spring,	  summer,	  autumn	  and	  
winter	  (Figure	  164)	  as	  beekeeping	  is	  a	  seasonal	  activity	  and	  very	  “relevant	  to	  the	  target	  group”	  
(Rattray,	  Jones	  2007,	  235).	  The	  section	  asked	  about	  disease	  recognition,	  experience	  and	  how	  they	  
have	  discovered	  signs	  of	  disease	  in	  the	  past:	  	  
-­‐ Have	  you	  had	  any	  diseases	  in	  your	  hives?	  
-­‐ How	  did	  you	  become	  aware	  of	  them?	  
-­‐ How	  would	  you	  have	  liked	  to	  control	  these	  diseases?	  
-­‐ If	  you	  could	  remotely	  monitor	  for	  diseases,	  which	  would	  you	  want	  to	  monitor	  and	  why?	  
	  
The	  same	  page	  had	  a	  map	  of	  the	  United	  Kingdom,	  asking	  participants	  ‘what	  information	  they	  would	  
like	  to	  know	  about	  from	  a	  specific	  area’?	  (Figure	  165).	  The	  intention	  was	  to	  understand	  what	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beekeepers	  would	  like	  to	  know	  if	  they	  could	  access	  national	  hive	  data.	  The	  section	  also	  asked	  the	  
participants	  to	  draw	  a	  ‘knowledge	  network’	  (Figure	  165)	  as	  digital	  interventions	  could	  elaborate	  the	  
exchange	  of	  information	  between	  interconnected	  parties	  because	  “technology	  in	  isolation	  to	  
community	  simply	  does	  not	  function”	  (Hess	  1979,	  82).	  
	  
Figure	  163,	  Concentric	  rings	  for	  participants’	  desired	  information	  from	  their	  surrounding	  area	  	  
Figure	  164,	  Seasonal	  changes	  and	  mapping	  participants’	  fellow	  beekeepers	  
5.37 Probe	  2	  Method:	  Your	  Hives	  and	  Sharing	  
The	  last	  section	  asked	  participants	  if	  they	  would	  be	  content	  in	  sharing	  their	  data	  with	  other	  parties	  
(their	  beekeeping	  club	  or	  fellow	  beekeepers)	  and	  organisations	  such	  as	  the	  BBKA.	  	  
-­‐ What	  advice	  /	  materials	  /	  equipment	  /	  time	  would	  you	  give	  away	  for	  free,	  what	  would	  you	  
want	  payment	  for?	  
-­‐ What	  information	  would	  you	  want	  to	  know	  from	  surrounding	  hives?	  
-­‐ What	  technology	  do	  you	  use	  on	  a	  daily	  basis	  that	  you	  feel	  comfortable	  with?	  What	  
technology	  do	  you	  call	  low-­‐tech?	  
-­‐ What	  beekeeping	  aspects	  do	  you	  seek	  advice	  on,	  or	  would	  if	  you	  had	  the	  means?	  
-­‐ If	  you	  were	  accumulating	  data	  from	  your	  own	  hives	  would	  you	  share	  it	  with	  a)	  the	  BBKA	  
network	  b)	  a	  local	  network	  or	  c)	  someone	  else?	  
-­‐ How	  do	  you	  think	  technology	  can	  aid	  your	  beekeeping?	  
-­‐ What	  monitoring	  equipment	  would	  be	  useful	  to	  you	  and	  how	  could	  you	  use	  it?	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Figure	  165,	  Creating	  a	  knowledge	  network	  
5.38 Probe	  2	  Method:	  Your	  Ideal	  Beehive	  
Innovating	  for	  People	  is	  the	  Luma	  Institute’s	  handbook	  of	  Human-­‐Centred	  Design	  Methods	  (LUMA	  
Institute	  2012).	  One	  methodology	  within	  the	  handbook	  is	  the	  creation	  of	  “Alternative	  Worlds,	  a	  way	  
of	  using	  different	  perspectives	  to	  help	  generate	  fresh	  ideas”	  (LUMA	  Institute	  2012,	  66).	  The	  final	  
section	  asked	  the	  participants	  to	  design/draw	  their	  ‘ideal	  hive’,	  building	  on	  the	  Luma	  Institute’s	  
concept	  of	  “alternative	  worlds”,	  aiding	  the	  “creation	  of	  new	  and	  unusual	  ideas”	  (LUMA	  Institute	  
2012,	  66).	  The	  concept	  of	  creating	  an	  ‘ideal	  hive’	  is	  generating	  the	  physical	  parameters	  and	  
constraints	  of	  a	  hive,	  accompanied	  by	  technological	  aids	  supporting	  the	  user	  to	  understand	  hive	  
activities	  (Figure	  163).	  The	  questions	  were	  framed	  specifically	  not	  to	  push	  technology	  onto	  the	  
users.	  The	  participants’	  ‘ideal	  beehive’	  simply	  provided	  drawing	  and	  annotation	  space	  as	  opposed	  to	  
a	  constructed	  scenario	  in	  order	  to	  remain	  open	  to	  interpretation,	  complying	  with	  Gaver	  et	  al’s	  
design	  rationales	  (Gaver,	  Boucher	  et	  al.	  2004).	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Figure	  166,	  Participants	  ‘ideal	  beehive’	  
Probe	  2	  concluded	  with	  a	  checklist	  ensuring	  participants	  had	  signed	  ethical	  approval	  procedures,	  
kept	  the	  ethical	  approval	  information	  sheet	  and	  completed	  the	  book.	  
5.39 Probe	  2	  Method:	  Process	  of	  Analysis	  
Probe	  2	  was	  analysed	  using	  the	  same	  process	  as	  the	  poster	  workshop.	  British	  Beekeepers	  Association	  
(BBKA)	  peers	  analysed	  Probe	  2	  results	  against	  their	  five	  criteria	  used	  in	  the	  poster	  workshop.	  The	  
BBKA’s	  analysis	  criteria	  included	  five	  elements:	  	  
1) Gathering	  information	  that	  answers	  individual	  beekeepers’	  needs,	  for	  their	  growing	  national	  
membership.	  	  
2) Solutions	  must	  motivate	  participation,	  giving	  something	  back	  and	  not	  simply	  gleaning	  
information	  from	  participants	  through	  their	  endeavours.	  
3) Collated	  data	  could	  inform	  community	  data,	  possibly	  informing	  new	  methods	  of	  research	  
practice	  for	  them,	  from	  around	  the	  United	  Kingdom.	  	  
4) The	  research	  activity	  needs	  to	  consider	  possible	  detrimental	  factors	  from	  the	  offset,	  avoiding	  
negative	  actions	  on	  honey	  bee	  colonies.	  
5) Creating	  a	  narrative	  that	  is	  easy	  to	  understand,	  encouraging	  press	  and	  media	  opportunities,	  
possibly	  leading	  to	  more	  charitable	  support	  or	  new	  public	  engagement	  methods	  through	  
technology.	  	  	  	  
	  
The	  BBKA’s	  criteria	  critiqued	  technology	  use	  by	  beekeepers	  against	  its	  use	  to	  their	  membership,	  
resultant	  data	  use	  for	  their	  members	  and	  how	  the	  public	  would	  benefit	  from	  technological	  
applications.	  The	  results	  were	  then	  turned	  into	  tangible	  outputs	  to	  take	  forward,	  based	  on	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accessible	  ‘open’	  technology	  that	  fits	  into	  a	  “Citizen	  Science	  model”,	  i.e.	  individual	  knowledge	  that	  
benefits	  the	  many	  (Louv,	  Dickinson	  et	  al.	  2012,	  25).	  Data	  outside	  these	  categories	  was	  dismissed	  as	  it	  
was	  deemed	  to	  be	  outside	  the	  project	  remit.	  Probe	  2	  results	  were	  not	  analysed	  using	  conventional	  
survey	  tools	  as	  the	  overall	  frequency	  of	  trends	  were	  not	  of	  interest,	  but	  the	  unfamiliar	  and	  
tangential	  thoughts	  from	  participants	  were.	  Exploring	  the	  unfamiliar	  findings	  within	  Probe	  2	  that	  
were	  not	  present	  in	  the	  poster	  workshop	  was	  the	  principle	  intention.	  
5.40 Probe	  2	  Method:	  Summary	  	  
Probe	  2	  sought	  to	  build	  on	  the	  findings	  from	  the	  poster	  workshop,	  engaging	  a	  larger	  audience	  of	  
beekeepers	  monitoring	  their	  hives	  and	  environments	  for	  Citizen	  Science.	  Probe	  2	  gave	  the	  
participants	  more	  time	  to	  complete	  research	  in	  their	  own	  time	  with	  the	  intention	  of	  presenting	  
wider	  findings	  from	  self-­‐motivated	  participants	  from	  around	  the	  United	  Kingdom.	  The	  poster	  
workshop	  study	  took	  inspiration	  from	  questionnaire	  and	  cultural	  probe	  praxis	  as	  it	  was	  not	  possible	  
to	  interrogate	  participants’	  rationales	  in	  person.	  
5.41 Results	  Study	  4,	  Probe	  2	  (Wider	  Audience	  Probe)	  
5.42 Probe	  2:	  Recap	  
The	  wider	  audience	  probe	  explored	  parallel	  material	  to	  the	  poster	  workshop.	  The	  objective	  built	  on	  
the	  same	  questions	  with	  a	  larger	  self-­‐selecting	  sample	  size.	  The	  researcher	  distributed	  150	  Probe	  2s.	  
In	  total,	  51	  Probe	  2’s	  were	  returned	  and	  completed	  on	  time	  to	  be	  included	  in	  analysis.	  Two	  
participants	  opted	  out	  half	  way	  through	  completing	  Probe	  2.	  The	  results	  have	  been	  grouped	  into	  
headings	  in	  number	  order,	  starting	  from	  the	  beginning	  of	  Probe	  2.	  The	  structure	  of	  each	  section	  
shows	  the	  participants’	  results,	  which	  BBKA	  criteria	  (where	  relevant)	  they	  comply	  with	  and	  how	  
many	  participants’	  comments	  aligned	  or	  disagreed	  out	  of	  the	  entire	  completed	  Probe	  2	  submissions.	  
5.43 Probe	  2	  Results:	  You	  and	  Beekeeping	  
The	  study	  participants	  ranged	  from	  having	  three	  to	  four	  years’	  beekeeping	  experience	  to	  complete	  
novices.	  Very	  experienced	  hands,	  classed	  as	  “master	  beekeepers”	  by	  the	  BBKA,	  did	  not	  self-­‐select	  to	  
participate	  (British	  Beekeepers	  Association	  2014).	  45	  out	  of	  the	  51	  participating	  beekeepers	  
predominantly	  used	  modified	  national	  hives	  as	  they	  are	  readily	  available,	  easy	  to	  assemble,	  easy	  to	  
repair	  and	  widely	  available.	  The	  other	  five	  beekeepers	  regularly	  used	  Langstroth	  hives,	  with	  one	  user	  
working	  with	  top	  bar	  hives.	  
	  
40	  of	  the	  beekeepers	  described	  their	  reasons	  for	  keeping	  bees	  as	  a	  “fascinating	  hobby”	  and	  “to	  keep	  
beekeeping	  going”	  (Figure	  167).	  All	  of	  the	  participants	  described	  their	  honey	  as	  an	  extra	  bonus	  with	  
one	  example	  being	  “better	  than	  icing	  on	  a	  cake”	  (Figure	  168).	  11	  participants	  described	  that	  they	  
keep	  bees	  for	  medical	  reasons,	  commenting	  that	  family	  members	  were	  hay	  fever	  sufferers.	  Medical	  
research	  findings	  commented	  on	  by	  The	  Telegraph’s	  article	  Honey:	  The	  Sweetest	  Cure	  for	  Hay	  Fever	  
have	  found	  that	  local	  honey	  has	  helped	  sufferers	  to	  acclimatise	  to	  local	  pollen	  (Jardine	  2009).	  	  
	  
Ten	  of	  the	  participating	  beekeepers	  responded	  to	  the	  question	  ‘what	  is	  your	  biggest	  fear	  in	  
beekeeping?’	  with:	  “the	  fear	  of	  ‘failing’”	  and	  they	  were	  instantly	  scared	  of	  tools	  that	  would	  
document	  that	  failure.	  The	  remaining	  forty	  one	  participants	  responded	  that	  their	  biggest	  fear	  was	  
inspecting	  a	  colony	  of	  honey	  bees	  and	  finding	  them	  all	  dead.	  The	  standard	  technology	  equipment	  
that	  participants	  had	  within	  their	  homes	  included:	  31	  fax	  machines,	  51	  phones,	  51	  computers	  (often	  
with	  more	  than	  one	  per	  home),	  51	  wireless	  routers,	  49	  digital	  cameras	  (often	  with	  more	  than	  one	  
per	  home)	  and	  11	  digital	  scales	  located	  in	  the	  bathroom.	  This	  first	  section	  is	  not	  relevant	  to	  the	  
BBKA’s	  criteria	  as	  it	  was	  understanding	  user’s	  rationales	  for	  participating	  in	  the	  project.	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Figure	  167,	  Participant	  wanting	  to	  keep	  beekeeping	  going	  	   	  
Figure	  168,	  Comment	  that	  honey	  is	  the	  icing	  on	  the	  cake	  	  
5.44 Probe	  2	  Results:	  Location	  and	  Information	  
48	  of	  the	  participants	  wanted	  to	  know	  the	  surrounding	  ‘forage’	  or	  fauna	  that	  their	  colonies	  could	  
access.	  The	  remaining	  three	  participants	  left	  the	  what	  plants/fauna	  do	  you	  use	  to	  create	  your	  bee	  
environment	  question	  blank.	  30	  of	  the	  participants	  annotated	  that	  they	  were	  interested	  in	  
government	  or	  council	  planting	  plans	  to	  see	  what	  diversity	  there	  was	  near	  to	  their	  hives’	  
surrounding	  area.	  All	  of	  the	  participants	  documented	  their	  fauna	  and	  flora	  but	  were	  more	  interested	  
in	  forage	  from	  over	  one	  mile	  away	  in	  locations	  that	  they	  could	  not	  access	  (Figure	  169	  &	  170).	  41	  of	  
the	  participants’	  hives	  were	  located	  within	  five	  miles	  of	  the	  participants’	  houses.	  The	  remaining	  
participants	  left	  the	  question	  blank.	  The	  question	  was	  to	  see	  the	  potential	  for	  using	  their	  home	  
wireless	  networks	  for	  remote	  devices	  located	  at	  the	  apiary	  site.	  This	  concept	  would	  have	  brought	  an	  
Internet	  of	  Things	  (IoT)	  element	  to	  possible	  proposals	  but	  would	  rely	  on	  using	  other	  people’s	  
networks.	  	  
	  
A	  common	  theme	  amongst	  the	  results	  of	  this	  section	  was	  the	  ‘unobserved	  hive’,	  with	  hives	  located	  
on	  friend’s	  land	  or	  on	  a	  remote	  farm.	  35	  participants	  annotated	  that	  they	  wanted	  to	  know	  public	  
byways	  and	  public	  activity	  near	  their	  hives	  for	  security	  reasons.	  The	  35	  participants	  all	  commented	  
that	  they	  wanted	  onsite	  information	  on	  the	  condition	  of	  their	  hive(s).	  
	  
The	  BBKA’s	  criteria	  highlighted	  an	  interest	  in	  this	  section	  as	  gathering	  flora	  and	  fauna	  information	  is	  
useful	  to	  all	  members,	  not	  just	  individual	  beekeepers;	  the	  collated	  data	  could	  inform	  community	  
data	  and,	  therefore,	  is	  a	  motivating	  factor	  for	  potential	  beekeepers	  to	  become	  involved.	  This	  section	  
complies	  with	  three	  out	  of	  the	  five	  BBKA	  criteria.	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Figure	  169,	  Participant	  documenting	  their	  surrounding	  fauna	  	  
Figure	  170,	  Participant	  documenting	  their	  surrounding	  fauna	  	  
5.45 Probe	  2	  Results:	  Using	  Analogies	  for	  Technology	  Sensing	  
An	  analogy	  is	  defined	  as	  “a	  comparison	  between	  one	  thing	  and	  another,	  typically	  for	  the	  purpose	  of	  
explanation	  or	  clarification”	  (Dictionary	  2006).	  Analogies	  can	  be	  used	  to	  translate	  intangible	  
concepts	  into	  something	  more	  tangible	  by	  lay	  user	  audiences.	  Using	  analogies	  within	  Probe	  2	  did	  not	  
really	  have	  the	  same	  effect	  that	  they	  had	  in	  later	  workshops,	  i.e.	  encouraging	  conceptual	  thinking	  
beyond	  the	  capabilities	  of	  existing	  technology	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S).	  Only	  30	  participants	  
completed	  the	  analogy	  section,	  with	  21	  participants	  creating	  analogy	  concepts	  that	  were	  not	  
understood.	  The	  author	  believes	  that	  the	  participants	  in	  Probe	  2	  studies	  saw	  the	  concept	  in	  creating	  
their	  ‘ideal	  product’	  using	  analogies	  but	  were	  discouraged	  by	  the	  cost	  of	  possible	  technologies.	  Four	  
participants	  commented	  that	  a	  sensory	  nose	  (the	  analogy	  for	  smell)	  would	  cost	  too	  much	  for	  them	  
to	  purchase.	  This	  notion	  of	  over-­‐expensive	  technology	  often	  made	  many	  participants	  leave	  this	  
section	  blank	  as	  they	  disregarded	  technologies’	  possible	  future	  trajectory.	  This	  oversight	  could	  have	  
been	  tackled	  by	  giving	  a	  more	  rounded	  technological	  analogy	  example,	  e.g.	  sound	  sensing	  could	  be	  
translated	  to	  a	  microphone	  with	  an	  approximate	  cost.	  	  	  	  	  
	  
Sight	  
The	  most	  common	  theme	  on	  sight	  technologies	  (internal	  to	  the	  hive)	  amongst	  all	  of	  the	  participants	  
was	  observing	  the	  rate	  at	  which	  bees	  were	  bringing	  in	  pollen	  to	  the	  hive.	  38	  participants	  were	  also	  
interested	  in	  optical	  tools	  that	  could	  either	  be	  used	  during	  a	  hive’s	  inspection	  or	  uploaded	  and	  
evaluated	  post	  inspection	  to	  see	  brood	  patterns	  in	  production.	  The	  most	  common	  theme	  expressed	  
by	  49	  participants	  in	  sight	  technologies	  (external	  to	  the	  hive)	  was	  the	  recognising	  of	  the	  possibilities	  
of	  a	  colony	  swarming	  and	  absconding	  from	  their	  hive.	  The	  concept	  of	  viewing	  the	  hive	  complies	  with	  
the	  BBKA’s	  criteria	  by	  gathering	  information	  for	  individuals’	  needs,	  participants	  are	  motivated	  to	  
participate	  for	  their	  own	  means	  and	  the	  collated	  data	  could	  inform	  community	  data,	  complying	  with	  
three	  out	  of	  five	  of	  the	  criteria.	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34	  participants	  were	  interested	  in	  the	  concept	  of	  ‘sound	  patterns’,	  with	  one	  beekeeper	  describing	  it	  
‘almost	  like	  a	  library	  of	  common	  sounds	  so	  I	  could	  understand	  repeatable	  patterns	  amongst	  my	  
bees’.	  This	  library	  could	  have	  been	  translated	  into	  a	  system	  that	  could	  be	  user	  controlled	  and	  map	  
sounds	  and	  constraints	  over	  an	  international	  audience.	  Hive	  security	  issues	  were	  topical	  amongst	  42	  
participants,	  either	  in	  identifying	  woodpeckers	  or	  ‘unusual	  sounds’	  near	  a	  hive.	  All	  of	  the	  participants	  
used	  the	  analogies	  to	  create	  passive	  solutions	  and	  did	  not	  suggest	  following	  actions	  once	  the	  sound	  
is	  activated	  or	  recognised.	  37	  participants	  wanted	  to	  define	  ‘the	  sound	  of	  their	  bees’	  during	  different	  
times	  of	  the	  beekeeping	  season.	  
	  
External	  to	  the	  hive,	  20	  participants	  were	  interested	  in	  using	  sound	  detection	  to	  document	  flight	  
patterns	  of	  their	  hive.	  One	  of	  the	  participants	  described	  creating	  sound	  recording	  devices	  around	  
their	  hives	  to	  calculate	  a	  difference	  in	  the	  acoustics	  this	  could	  make.	  This	  builds	  on	  the	  concept	  
similar	  to	  the	  ‘elephant	  listening	  project’	  (www.birds.cornell.edu/brp/elephant)	  currently	  in	  practice	  
by	  Cornell.	  The	  project	  creates	  a	  listening	  environment	  within	  natural	  habitats	  to	  understand	  the	  
movements	  and	  activities	  of	  elephants	  (Cornell	  Laboratory	  of	  Ornithology	  2014).	  34	  participants	  
placed	  value	  on	  the	  sound	  of	  their	  hive	  and	  understanding	  acoustic	  patterns	  (Figure	  171).	  Those	  that	  
did	  believe	  in	  the	  power	  of	  measuring	  acoustics	  based	  their	  deductions	  around	  their	  personal	  
experience.	  The	  acoustic	  recording	  adheres	  to	  the	  same	  three	  BBKA	  criteria	  as	  the	  sound	  proposals	  
and	  offers	  an	  easy-­‐to-­‐understand	  story	  for	  press	  and	  media	  opportunities.	  The	  sound	  section	  
adheres	  the	  results	  to	  four	  out	  of	  five	  criteria.	  
	  
Figure	  171,	  “sound	  can	  be	  equated	  with	  a	  visual	  record”	  	  	  	  	  	  	  	  	  	  	  
Touch	  and	  Movement	  
The	  idea	  of	  being	  able	  to	  theoretically	  ‘touch’	  something	  was	  a	  hard	  task	  for	  participants	  to	  
understand	  (in	  the	  inside	  the	  hive	  section),	  based	  on	  the	  array	  of	  negative	  comments	  received.	  
Participants	  often	  misunderstood	  touch	  literally	  as	  the	  over	  handling	  their	  bees	  rather	  than	  the	  
analysis	  that	  tactile	  or	  movement	  feedback	  could	  provide;	  for	  example,	  weight,	  humidity	  or	  volume.	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In	  the	  (external	  to	  the	  hive)	  39	  participants	  wanted	  to	  know	  the	  ‘dampness’	  of	  their	  hives	  (Figure	  
172),	  as	  confined	  moisture	  can	  spread	  aid	  conditions	  for	  disease.	  45	  participants	  wanted	  to	  touch	  
the	  weight	  of	  their	  hive	  (Figure	  173).	  In	  1979,	  Morse	  et	  al	  wrote	  Varroa	  Disease,	  a	  Threat	  to	  World	  
Beekeeping,	  showing	  the	  advances	  of	  this	  mite	  and	  the	  problems	  it	  can	  cause	  (Morse,	  Gonclaves	  
1979,	  303).	  The	  Varroa	  mite	  is	  now	  a	  common	  problem	  in	  commercial	  and	  amateur	  beekeeping	  
within	  the	  UK	  (Popova,	  Reyes	  et	  al.	  2014,	  788).	  This	  widespread	  mite	  can	  be	  combated	  either	  by	  
chemical	  or	  natural	  solution.	  	  
	  
At	  the	  time	  of	  writing,	  Varroa	  is	  still	  a	  problem	  with	  no	  resulting	  cure	  without	  involving	  man-­‐made	  
chemicals.	  The	  participants	  were	  interested	  in	  being	  able	  to	  ‘touch’	  the	  floor	  of	  the	  hive,	  onto	  which	  
the	  Varroa	  mite	  falls	  if	  it	  can	  be	  successfully	  removed.	  This	  tactile	  experience	  is	  hard	  to	  monitor	  as	  
there	  are	  so	  many	  factors	  to	  take	  into	  account;	  the	  possibilities	  for	  false	  positives	  are	  very	  high.	  The	  
largest	  proportion	  of	  findings	  supported	  the	  poster	  workshop,	  providing	  beekeepers	  with	  the	  ability	  
to	  touch	  temperature	  and	  humidity	  within	  the	  hive.	  The	  concept	  of	  touching	  Varroa	  adheres	  to	  
three	  of	  the	  BBKA’s	  criteria	  as	  it	  is	  of	  personal	  and	  community	  interest,	  with	  a	  strong	  motivating	  
factor	  on	  recording	  the	  spread	  and	  infestation	  of	  a	  disease.	  
	  
Figure	  172,	  Theoretical	  sensor	  for	  damp	  inside	  and	  external	  to	  the	  hive	  	  
Figure	  173,	  Indicate	  the	  condition	  of	  the	  brood	  and	  honey	  stores	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Taste	  
The	  perception	  of	  the	  research	  was	  taken	  quite	  literally	  by	  many	  participants	  to	  mean	  ‘taste’	  their	  
honey	  and	  define	  pollen	  and	  forage	  that	  had	  been	  used	  in	  its	  creation.	  20	  participants	  wanted	  the	  
ability	  to	  taste	  possible	  insecticides	  or	  pesticides	  within	  their	  honey,	  whilst	  still	  inside	  the	  hive	  
(Figure	  174).	  Knowing	  the	  water	  content	  of	  the	  honey	  was	  also	  high	  on	  the	  personal	  agenda	  of	  30	  
individual	  participants.	  Defining	  the	  source	  of	  the	  honey	  was	  an	  interesting	  concept,	  and	  complies	  
with	  three	  of	  the	  BBKA’s	  criteria:	  it	  would	  have	  been	  useful	  for	  the	  individual,	  of	  interest	  to	  wider	  
groups	  and	  produces	  an	  easy	  to	  understand	  narrative	  for	  the	  press	  and	  media.	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Figure	  174,	  Classifying	  the	  pesticide	  content	  of	  their	  honey	  
Smell	  
36	  participants	  were	  interested	  in	  the	  pheromones	  produced	  during	  different	  conditions	  and	  how	  
they	  could	  emulate	  them,	  mainly	  to	  stop	  swarming.	  Disease	  management	  continually	  occurred	  
throughout	  the	  findings	  as	  chalk	  brood	  smells	  ‘musky’.	  They	  were	  interested	  to	  know	  if	  other	  
diseases	  could	  be	  ‘smelt’	  (Hughes	  2012,	  38).	  One	  participant	  identified	  an	  ‘alarm	  smell’,	  which	  is	  a	  
very	  interesting	  area,	  and	  would	  require	  a	  legacy	  of	  data	  to	  identify	  the	  ‘alarm	  smell’	  from	  other	  
odours	  (Figure	  175).	  
	  
The	  concept	  of	  the	  theoretical	  nose	  and	  disease	  documentation	  complies	  with	  four	  of	  the	  five	  
criteria	  defined	  by	  the	  BBKA.	  The	  process	  is	  of	  interest	  to	  individual	  beekeepers	  in	  understanding	  
potential	  diseases,	  interesting	  to	  the	  community	  to	  the	  spread	  of	  disease,	  participants	  would	  be	  
motivated	  to	  take	  part	  as	  they	  are	  protecting	  their	  own	  interests	  and	  it	  is	  an	  easy	  narrative	  for	  press	  
and	  media	  to	  understand.	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	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  for	  CS	  activities	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Figure	  175,	  Alarm	  defining	  the	  smell	  of	  disease	  
5.46 Probe	  2	  Results:	  You	  and	  Your	  Hives	  /	  Bees	  
Common	  themes	  in	  the	  conversational	  element	  of	  the	  probe	  were	  focused	  on	  the	  hives’	  ability	  to	  
say	  “I	  am	  healthy	  and	  there	  is	  an	  abundance	  of	  forage”.	  46	  participants	  commented	  on	  topics	  that	  
are	  a	  ‘registration	  of	  health’	  that	  could	  be	  produced	  theoretically	  through	  the	  honey	  bees	  
communicating	  with	  the	  beekeeper.	  	  
	  
The	  other	  overarching	  theme	  highlighted	  by	  38	  participants	  was	  in	  the	  condensation	  inside	  the	  hive,	  
with	  the	  hive	  simply	  identifying	  “I	  am	  wet	  inside”.	  All	  of	  the	  51	  participants	  understood	  the	  
theoretical	  conversation	  that	  the	  probe	  was	  trying	  to	  create,	  in	  particular,	  that	  it	  was	  about	  desired	  
outcomes	  that	  the	  colony	  could	  communicate	  to	  the	  beekeeper	  and	  vice	  versa	  (Figure	  176).	  The	  
concept	  of	  conversations	  between	  the	  colony	  and	  the	  beekeeper	  predominantly	  dictated	  actions	  
and	  responses	  that	  the	  beekeeper	  should	  take.	  Participant	  17	  (Figure	  176)	  annotated:	  we	  need	  
cleaning,	  another	  brood	  chamber	  added,	  another	  super	  added,	  honey	  ready	  to	  harvest,	  we	  are	  
about	  to	  swarm,	  feed	  me,	  medicate	  me,	  ventilate	  me,	  insulate	  me	  and	  leave	  me	  alone.	  This	  vast	  
array	  of	  feedback	  creates	  a	  dialogue	  but	  also	  relies	  on	  the	  accuracy	  of	  the	  monitored	  data	  as	  the	  
‘theoretical	  conversation’	  is	  mediated	  by	  technologies	  and	  software	  parameters.	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Figure	  176,	  Information	  required	  from	  the	  hive’s	  interior	  	  
51	  participants	  responded	  well	  to	  the	  question	  If	  you	  could	  share	  and	  image/photo	  for	  monitoring	  or	  
advice,	  what	  purposes	  would	  it	  be	  of?	  Even	  though	  all	  of	  the	  participants	  completed	  the	  task,	  the	  
actual	  insights	  complying	  with	  the	  BBKA’s	  criteria	  only	  include	  ten	  participants.	  The	  process	  should	  
have	  explained	  image	  analysis	  software	  and	  the	  potential	  technologies	  for	  implementing	  
photographic	  analysis.	  The	  ten	  participants	  saw	  the	  concept	  of	  image	  analysis	  as	  a	  chance	  to	  keep	  
hive	  records	  that	  were	  tangible	  and	  comparable	  over	  time.	  For	  example,	  participant	  13	  translated	  
the	  image	  analysis	  component	  into	  being	  able	  to	  monitor	  the	  hive’s	  floor	  for	  Varroa.	  	  
	  
Participant	  13	  was	  also	  interested	  in	  the	  spread	  of	  brood	  the	  hive	  (Figure	  177)	  was	  creating	  and	  the	  
construction	  of	  queen	  cells	  that	  could	  be	  recorded	  over	  a	  period	  of	  time.	  The	  other	  nine	  participants	  
were	  interested	  in	  simply	  being	  able	  to	  create	  a	  photographic	  application	  that	  would	  overlay	  images	  
to	  see	  similar	  behaviours	  or	  patterns	  over	  a	  number	  of	  years.	  The	  concept	  of	  sharing	  and	  overlaying	  
imagery	  adheres	  to	  three	  of	  the	  BBKA’s	  criteria	  as	  it	  is	  interesting	  for	  the	  individual,	  interesting	  for	  
the	  community	  and	  creates	  a	  simple	  story	  for	  the	  media	  to	  understand.	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Figure	  177,	  Picture	  analysis	  tool	  proposal	  participant	  13	  
The	  negative	  aspect	  of	  technology	  was	  explored	  by	  two	  participants.	  Documented	  in	  (Figure	  178)	  
the	  participants	  enjoyed	  the	  low-­‐tech	  approach	  and	  ‘craft	  of	  beekeeping’,	  opting	  out	  of	  completing	  
Probe	  2.	  This	  reaction	  was	  important	  to	  take	  into	  account;	  just	  because	  we	  can	  use	  technology	  does	  
not	  mean	  that	  we	  have	  to.	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Figure	  178,	  Participant	  not	  wanting	  to	  use	  technology	  within	  their	  beekeeping	  practice	  
5.47 Probe	  2	  Results:	  You	  and	  a	  Community	  of	  Hives	  
The	  most	  common	  questions	  that	  42	  participants	  wanted	  to	  know	  from	  their	  surrounding	  ‘3-­‐mile	  
area’	  were:	  what	  pesticides	  were	  in	  use	  (Figure	  179),	  (6	  participants)	  what	  is	  currently	  in	  flower,	  
(two	  participants)	  what	  bee	  diseases	  are	  present	  and	  (50	  participants)	  are	  there	  any	  swarms	  
available	  (Figure	  180).	  All	  of	  the	  51	  participants	  were	  also	  interested	  in	  knowing	  the	  location	  of	  
wildlife	  that	  might	  break	  into	  or	  damage	  their	  hives	  whilst	  trying	  to	  retrieve	  honey	  stocks.	  
Security	  and	  the	  location	  of	  the	  general	  public	  was	  a	  regular	  feature	  in	  40	  of	  the	  participants’	  
probes.	  Participant	  23	  was	  the	  only	  contributor	  that	  identified	  whether	  information	  was	  positive	  or	  
negative	  to	  their	  activities.	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Figure	  179,	  What	  pesticides	  are	  used	  in	  the	  area	  surrounding	  their	  hive	  	  
Figure	  180,	  General	  public’s	  presence	  
Spring	  
41	  participants	  documented	  diseases,	  possible	  diagnosis	  or	  future-­‐gazing	  possible	  conditions	  within	  
the	  spring	  and	  summer	  section.	  Understanding	  the	  prevailing	  weather	  occurred	  in	  46	  of	  the	  
completed	  response	  to	  probes.	  Weather	  monitoring	  conditions	  could	  be	  set	  by	  existing	  weather	  
stations	  and	  other	  technologies	  so	  they	  have	  been	  left	  out	  of	  the	  results.	  50	  participants	  constantly	  
identified	  the	  interest	  in	  the	  health	  of	  hives	  and	  the	  queen	  throughout	  all	  of	  the	  seasons.	  Whilst	  the	  
health	  of	  the	  queen	  is	  informative,	  it	  would	  require	  isolating	  her,	  eliminating	  readings	  from	  any	  
other	  bee.	  	  
	  
Summer	  
36	  participants	  were	  interested	  in	  monitoring	  for	  swarming	  during	  the	  summer	  months	  and	  15	  
participants	  were	  not	  interested	  in	  monitoring	  their	  hives	  during	  the	  summer	  months	  as	  they	  
conducted	  regular	  hive	  inspections	  in	  person.	  	  
	  
Autumn	  
Weight	  was	  the	  highest	  occurring	  theme	  as	  all	  51	  participants	  consistently	  documented	  the	  same	  
metric	  (Figure	  181).	  None	  of	  the	  participants	  were	  specific	  about	  which	  section	  of	  the	  hive	  they	  
wanted	  to	  weigh;	  they	  all	  simply	  annotated	  the	  hive’s	  weight.	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Figure	  181,	  Weighing	  the	  hive	  throughout	  the	  year	  
Winter	  
All	  of	  the	  participants	  repeated	  the	  same	  action	  for	  winter	  that	  they	  had	  for	  autumn,	  wanting	  to	  
know	  the	  hive’s	  weight.	  All	  51	  of	  the	  participants	  specified	  the	  hive	  weight	  and,	  more	  specifically,	  48	  
participants	  also	  wanted	  to	  know	  the	  weight	  of	  any	  internal	  feeders	  or	  food	  stores	  within	  their	  hives.	  
	  
Disease	  
Only	  four	  participants	  answered	  the	  question	  Have	  you	  had	  any	  diseases	  in	  your	  hives	  and	  How	  did	  
you	  become	  aware	  of	  them?	  20	  participants	  left	  the	  section	  blank	  and	  the	  other	  27	  wrote	  words	  to	  
the	  effect	  of	  ‘I	  would	  prefer	  not	  to	  say’.	  The	  four	  participants	  that	  did	  answer	  the	  question	  all	  had	  a	  
history	  of	  Varroa	  and	  chalkbrood	  within	  their	  colonies.	  Only	  one	  participant	  answered	  that	  they	  
became	  aware	  of	  the	  disease	  by	  visually	  monitoring	  the	  hive’s	  exterior,	  counting	  the	  dead	  bees.	  The	  
other	  four	  participants	  left	  the	  how	  did	  you	  become	  aware	  of	  them	  section	  blank.	  
	  
The	  entire	  section	  5	  complies	  with	  the	  BBKA’s	  criteria.	  The	  concepts	  that	  participants	  wanted	  to	  
monitor:	  weight,	  weather,	  potential	  for	  swarming,	  queen	  health	  and	  food	  stocks,	  all	  adhere	  to	  four	  
of	  the	  BBKAs	  criteria.	  They	  are	  all	  of	  interest	  to	  individual	  beekeepers,	  they	  motivate	  participation	  as	  
they	  are	  important	  for	  individuals,	  they	  can	  be	  collated	  to	  identify	  patterns	  or	  issues	  and	  they	  can	  be	  
relayed	  to	  the	  press	  and	  media.	  	  
	  
Location	  
On	  the	  map	  of	  the	  United	  Kingdom,	  not	  one	  participant	  marked	  where	  their	  fellow	  beekeepers	  were	  
or	  marked	  information	  that	  they	  would	  like	  to	  know	  from	  a	  specific	  area.	  
5.48 Probe	  2	  Results:	  Your	  Hives	  and	  Sharing	  
47	  participants	  discussed	  their	  need	  for	  knowledge	  from	  their	  networks,	  both	  inside	  their	  respective	  
beekeeping	  clubs	  and	  online.	  None	  of	  the	  participants	  were	  specific	  in	  the	  type	  of	  knowledge	  they	  
required	  from	  their	  network	  but,	  simply,	  they	  all	  required	  ‘knowledge’.	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One	  participant	  noted	  that	  they	  constantly	  ask	  questions	  and	  seek	  advice	  from	  more	  experienced	  
beekeepers	  on	  all	  topics.	  The	  intention	  of	  this	  section	  was	  to	  find	  a	  hierarchy	  of	  information	  that	  
participants	  find	  through	  their	  network.	  The	  network	  map	  clearly	  was	  not	  obvious	  as	  participants	  
could	  not	  see	  the	  potential	  in	  identifying	  their	  knowledge	  network.	  
	  
49	  participants	  were	  anxious	  to	  know	  what	  type	  of	  ‘data’	  they	  would	  be	  sharing	  and	  worried	  about	  
the	  chain	  of	  information	  and	  what	  it	  might	  lead	  to.	  The	  question	  was	  misguiding	  and	  resulted	  in	  a	  
negative	  result	  of	  30	  participants	  unwilling	  to	  share	  their	  data	  with	  anyone	  and	  21	  only	  willing	  to	  
share	  positive	  results	  of	  hive	  health.	  All	  of	  the	  51	  participants	  were	  willing	  to	  share	  their	  data	  with	  
the	  trusted	  network	  of	  the	  BBKA.	  None	  of	  the	  participants	  asked	  for	  monetary	  remuneration	  for	  
their	  data	  and	  ten	  participants	  even	  stated	  ‘no	  charge’	  on	  sharing	  their	  data	  (Figure	  182).	  None	  of	  
the	  participants	  noted	  that	  they	  were	  willing	  to	  share	  negative	  results	  of	  a	  hive	  in	  potential	  trouble.	  
Participant	  17	  identifies	  the	  lack	  of	  knowledge	  that	  long-­‐term	  wireless	  signal	  or	  radio	  frequency	  
interruption	  could	  have	  on	  their	  bees	  (Figure	  182).	  They	  thought	  about	  technology	  applications	  but	  
were	  then	  unsure	  about	  the	  impact	  that	  technology	  could	  have.	  	  
	  
Figure	  182,	  Concerns	  about	  wireless	  connections	  with	  bees	  
5.49 Probe	  2	  Results:	  Your	  Ideal	  Beehive	  
The	  resounding	  theme	  within	  ‘creating	  your	  ideal	  beehive’	  was	  the	  need	  for	  the	  lack	  of	  human	  
intrusion	  noted	  by	  all	  51	  participants.	  In	  (Figure	  183)	  the	  participant	  clarifies	  they	  want	  ‘as	  little	  
interference	  as	  possible	  but	  would	  let	  me	  know/see	  what	  was	  going	  on’.	  Participant	  8	  identified	  
many	  issues	  (Figure	  184),	  including	  the	  weight	  of	  equipment	  and	  protection	  against	  the	  elements.	  
Eight	  participants	  rose	  to	  the	  technology	  integration	  challenge	  (Figure	  185).	  The	  eight	  participants	  
repeated	  the	  same	  themes	  of	  cataloguing	  a	  hive’s	  weight,	  the	  amount	  of	  food	  stores,	  temperature	  
and	  humidity	  internal	  to	  the	  hive.	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Figure	  183,	  Interfering	  as	  little	  as	  possible	  	  
Figure	  184,	  Importance	  of	  weighing	  the	  hive	  
	  
Figure	  185,	  Weighing	  the	  hive	  with	  pressure	  sensors	  for	  feeders	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5.50 Probe	  2	  Results:	  Summary	  
Probe	  2	  brought	  larger	  contextual	  information	  from	  a	  more	  dispersed	  audience.	  Probe	  2	  could	  not	  
discuss	  participants’	  intentions	  so	  reported	  results	  responding	  to	  their	  exact	  terminology.	  Probe	  2	  
supported	  the	  findings	  in	  the	  poster	  workshop,	  bringing	  a	  greater	  degree	  of	  sample	  diversity.	  The	  
common	  monitoring	  metrics	  were	  security,	  weight,	  temperature,	  regulating	  syrup	  feed	  inside	  a	  hive	  
and	  understanding	  the	  surrounding	  flora	  and	  fauna.	  	  
	  
The	  results	  of	  Probe	  2	  align	  with	  the	  BBKA’s	  criteria	  as	  they	  all	  produced	  insights	  that	  correlated	  and	  
others	  were	  interested	  in;	  this	  alignment	  of	  information	  would	  benefit	  the	  BBKA’s	  members	  in	  
material	  that	  holds	  mutual	  interest.	  Probe	  2	  provided	  measurands	  that	  the	  lay	  users	  would	  like	  to	  
monitor	  and	  catalogue	  that	  could	  be	  explored	  by	  researchers	  and	  technologists.	  Probe	  2	  enabled	  
participants	  to	  directly	  feedback	  in	  their	  own	  time	  and	  with	  a	  wider	  audience,	  supporting	  the	  
findings	  from	  the	  beekeepers	  poster	  workshop.	  The	  motivations	  of	  the	  participants	  were	  the	  
increase	  in	  yield	  they	  could	  gain	  from	  monitoring	  tools,	  the	  increase	  in	  knowledge	  that	  they	  could	  
accrue	  over	  time	  and	  restricting	  the	  negative	  impact	  of	  opening	  a	  hive	  frequently	  for	  inspections.	  
	  
Chapter	  5	  Summary	  
Chapter	  5	  confirmed	  the	  metrics	  highlighted	  in	  the	  Bee	  Ethnography	  as	  worthy	  of	  further	  
investigation.	  The	  Poster	  Workshop	  was	  positive	  as	  it	  was	  cost	  effective	  and	  framed	  the	  participants’	  
discourse	  accurately.	  The	  Poster	  Workshop	  positively	  engaged	  all	  parties,	  including	  participants	  with	  
no	  prior	  technology	  creation	  experience.	  A	  negative	  finding	  of	  the	  workshop	  and	  the	  chapter	  was	  
the	  transparency	  in	  what	  ‘open	  data’	  means?	  Workshop	  participants	  were	  worried	  about	  how	  they	  
would	  be	  publically	  perceived,	  from	  their	  open	  apiary	  data,	  something	  that	  was	  more	  important	  
than	  originally	  considered	  by	  the	  author.	  	  
Workshop	  findings	  also	  highlighted	  the	  community	  interest	  in	  other	  participants’	  data	  and	  issues	  
they	  might	  uncover.	  The	  findings	  from	  chapter	  5	  have	  framed	  the	  creation	  of	  the	  Open	  
Design/Citizen	  Science	  Toolkit	  (chapter	  7)	  and	  informed	  the	  design	  of	  the	  Bee	  Lab	  kit	  (chapter	  6).	  
Chapter	  5	  Reflection	  
The	  participants	  found	  the	  Poster	  Workshop	  process	  easy	  to	  actively	  engage	  with.	  It	  would	  have	  
been	  beneficial	  to	  run	  the	  Poster	  Workshop	  at	  the	  beginning	  of	  the	  project,	  if	  the	  territory	  was	  more	  
informed.	  The	  problem	  with	  the	  Poster	  Workshop	  was	  it	  relied	  on	  design	  enablers	  and	  facilitators	  to	  
encourage	  participants.	  Participants	  required	  validation	  and	  assistance	  to	  value	  their	  input,	  translate	  
their	  ideas	  and	  give	  permission	  to	  highlight	  any	  misalignments	  in	  direction.	  This	  workshop	  process	  
was	  positive	  as	  it	  encouraged	  discourse	  and	  thinking	  from	  a	  high	  level,	  grounded	  in	  initial	  research.	  
The	  Poster	  Workshop	  should	  have	  catered	  more	  for	  seasonal	  change	  and	  how	  the	  theoretical	  units	  
would	  have	  been	  used	  on	  a	  daily	  basis.	  If	  finance	  were	  available	  then	  repeating	  this	  process	  
internationally	  would	  have	  benefited	  the	  wider	  community	  of	  the	  project	  and	  increased	  the	  future	  
uptake,	  beyond	  the	  United	  Kingdom.	  The	  Poster	  Workshop	  was	  very	  productive	  as	  it	  enabled	  
specific	  feedback	  whilst	  being	  open	  to	  user	  input	  from	  participants	  and	  stakeholders.	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Chapter	  6	  Understanding	  the	  Motivations	  of	  CS	  Stakeholders	  to	  Inform	  the	  Design	  of	  the	  Bee	  Lab	  Kit	  
Study	  6,	  Open	  Design/Citizen	  Science	  (OD/CS)	  Toolkit	  (What	  Information	  and	  Participant	  Insights	  are	  
Required	  to	  Successfully	  Frame	  an	  Open	  Design	  Project?)	  
	  
The	  OD/CS	  card	  toolkit	  work	  was	  peer	  reviewed	  and	  published	  at	  the	  Design	  Research	  
Society	  (DRS)	  Conference	  in	  Umea,	  Sweden,	  2014	  entitled:	  Exploring	  Open	  Design	  for	  the	  
Application	  of	  Citizen	  Science:	  a	  Toolkit	  Methodology	  (Phillips,	  R	  &	  Baurley,	  S	  2014).	  This	  
publication	  can	  be	  found	  in	  appendix	  (I).	  The	  complete	  list	  of	  toolkit	  cards	  with	  their	  
graphical	  content	  can	  be	  found	  in	  appendix	  (B).	  
	  
Chapter	  6	  Introduction	  
The	  following	  chapter	  questions	  the	  insights	  and	  learning	  compiled	  from	  previous	  work.	  Pertinent	  
Open	  Design	  /	  Citizen	  Science	  findings	  were	  assembled	  into	  a	  toolkit	  to	  involve	  different	  audiences,	  
stakeholders	  and	  organisations.	  The	  intention	  was	  to	  create	  live	  project	  facsimiles	  to	  objectively	  
review	  the	  Bee	  Lab	  project,	  identifying	  processes	  for	  its	  repetition.	  The	  author’s	  intention	  that,	  was	  
by	  objectively	  reviewing	  other	  territories	  with	  relevant	  stakeholders,	  he	  could	  find	  positive	  and	  
negative	  challenges	  that	  the	  Bee	  Lab	  project	  would	  face,	  before	  its	  execution.	  Chapter	  6	  uses	  all	  of	  
the	  existing	  work	  to	  frame	  Open	  Design	  /	  Citizen	  Science	  projects	  so	  that	  a	  larger	  equation	  can	  be	  
created	  of	  how	  these	  projects	  should	  be;	  initiated,	  compiled	  and	  executed	  in	  the	  future.	  The	  work	  
was	  conducted	  with	  live	  charities	  (Sussex	  Wildlife	  Trust)	  and	  academic	  institutions	  (Cornel	  
Laboratory	  of	  Ornithology)	  to	  test	  and	  question	  the	  collaboration	  of	  Open	  Design	  and	  Citizen	  
Science.	  
6.1 OD/CS	  Toolkit	  Method:	  Objective	  
One	  of	  the	  fundamental	  elements	  of	  Open	  Design	  practice	  is	  that	  design	  protagonists	  are	  not	  just	  
opening	  project	  ‘plans’	  to	  third	  parties	  but	  are	  understanding	  the	  wider	  contextual	  ramifications,	  for	  
successful	  project	  deployment.	  In	  order	  to	  understand	  user	  and	  third	  parties’	  exchange	  of	  
information,	  a	  design	  toolkit	  was	  created.	  The	  card	  toolkit	  built	  on	  “card	  sorting”	  (IDEO	  2003),	  
existing	  toolkit	  examples	  and	  “workshop	  methodologies”	  (Lofthouse,	  Lilley	  2006)	  to	  test	  pitfalls,	  
opportunities	  and	  challenges	  of	  combining	  Open	  Design	  (OD)	  and	  Citizen	  Science	  (CS).	  The	  card	  
toolkit	  provided	  “scenario	  building”	  for	  groups,	  to	  test	  this	  territory	  combination	  opportunity	  
(Milton,	  A	  et	  al.	  2013,	  32).	  The	  workshops	  consequently	  evaluate	  the	  OD/CS’s	  toolkit’s	  tangibility	  in	  
the	  real	  world,	  with	  live	  partners	  who	  would	  engage	  in	  this	  type	  of	  activity.	  	  
	  
The	  main	  objective	  was	  to	  review	  the	  OD/CS	  relationship	  with	  charitable	  nature	  conservation	  
organisations	  to	  subsequently	  view	  issues	  that	  could	  affect	  the	  Bee	  Lab	  Kit,	  uncovering	  insights	  
through	  the	  toolkit.	  The	  following	  study	  documents	  the	  same	  workshop	  format	  with	  two	  different	  
organisations.	  The	  first	  workshop	  organisation	  was	  a	  nature	  charity	  that	  would	  benefit	  from	  the	  
Open	  Design/Citizen	  Science	  collaboration.	  The	  second	  was	  a	  world	  leader	  in	  the	  practice	  of	  Citizen	  
Science	  to	  validate	  the	  methodology.	  The	  Open	  Design/Citizen	  Science	  toolkit	  will	  be	  referred	  to	  as	  
toolkit.	  	  
6.2 OD/CS	  Toolkit:	  Methodological	  Limitations	  
The	  study	  was	  limited	  to	  charities	  that	  self-­‐selected	  responding	  to	  a	  recruitment	  call	  window	  of	  two	  
months.	  Travel	  costs	  restricted	  the	  study	  to	  the	  United	  Kingdom	  with	  charities	  that	  could	  respond	  
within	  a	  three-­‐month	  testing	  window.	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6.3 OD/CS	  Toolkit	  Method:	  Study	  Group	  
The	  study	  group	  self-­‐selected	  to	  participate.	  The	  study	  group	  were	  both	  professional	  organisations	  
that	  had	  existing	  colleague	  relationships	  and	  ranged	  in	  demographic	  from	  18-­‐80,	  both	  male	  and	  
female.	  	  
6.4 OD/CS	  Toolkit	  Method:	  Design	  Intention	  	  
The	  intention	  of	  the	  toolkit	  is	  to	  translate	  the	  expert’s	  knowledge	  into	  a	  scenario	  or	  brief	  through	  
“card	  sorting”	  (IDEO	  2003)	  and	  “storyboard	  creation”	  (IDEO	  2003).	  Card	  sorting	  is	  an	  activity	  where	  
participants’	  sort	  “possible	  features,	  functions	  or	  design	  attributes”	  as	  their	  “organisation	  reveals	  
expectations	  and	  priorities”	  about	  participants’	  needs	  (IDEO	  2003).	  Card	  sorting	  is	  an	  appropriate	  
methodology,	  giving	  participants	  options	  to	  navigate	  complex	  unfamiliar	  territories	  using	  their	  
expertise	  to	  respond.	  	  
In	  Designing	  for	  Usability:	  Key	  Principles	  and	  What	  Designers	  Think,	  Gould	  and	  Clayton	  describe	  
three	  fundamentals	  of	  usability:	  “early	  focus	  on	  users	  and	  tasks,	  empirical	  measurement	  and	  
iterative	  design”	  (Gould,	  Lewis	  1985,	  300).	  The	  usability	  concepts	  Gould	  discusses	  are	  based	  on	  
computer	  systems,	  but	  the	  lessons	  can	  be	  directly	  translated	  into	  an	  analogue	  solution	  because	  a	  
toolkit	  is	  creating	  a	  system	  for	  users	  to	  operate	  within.	  The	  intention	  of	  the	  toolkit	  was	  to	  focus	  the	  
users	  on	  their	  tasks	  through	  iterative	  design	  discussion	  and	  narrative	  creation.	  The	  toolkit	  used	  
Gould	  and	  Clayton’s	  principles	  of	  usability	  to	  focus	  the	  participants	  on	  brief	  creation,	  identifying	  
design	  territories	  they	  wished	  to	  discuss	  to	  form	  tangible	  design	  outputs.	  The	  design	  of	  the	  toolkit	  
had	  to	  therefore	  focus	  its	  design	  around	  audiences	  that	  would	  benefit	  from	  Citizen	  Science	  activities	  
and	  gain	  from	  Open	  Design	  activities	  due	  to	  their	  inclusion	  in	  or	  access	  to	  product	  creation.	  
	  
In	  Citizen	  Science,	  Public	  Participation	  in	  Environmental	  Research,	  Richard	  et	  al	  defines	  the	  “overview	  
of	  [citizen	  science]	  project	  design	  considerations”	  (Louv,	  Dickinson	  et	  al.	  2012,	  22).	  These	  Citizen	  
Science	  project	  design	  considerations	  are	  the	  selection	  of	  a	  scientific	  question,	  forming	  a	  project	  
team,	  refining	  project	  materials,	  recruiting	  and	  training	  participants,	  accepting	  and	  displaying	  data	  
analysis	  and	  its	  subsequent	  dissemination	  (Louv,	  Dickinson	  et	  al.	  2012,	  22-­‐23).	  These	  CS	  project	  
design	  considerations	  needed	  to	  be	  integrated	  into	  the	  toolkit.	  
	  
Open	  Design	  and	  the	  integration	  of	  pervasive	  computing	  into	  objects	  or	  activities	  have	  the	  ability	  to	  
disrupt	  conventional	  models	  as	  the	  “design	  of	  goods	  no	  longer	  relies	  on	  designers”	  (Atkinson	  2011,	  
2).	  With	  this	  in	  mind,	  Citizen	  Science	  can	  use	  Open	  Design	  to	  initiate	  projects	  by	  bodies	  outside	  the	  
scientific	  community.	  These	  opportunities	  can	  adhere	  to	  Richard	  et	  al’s	  “project	  design	  
considerations”	  but	  start	  from	  an	  alternate	  initiation	  point,	  i.e.	  by	  a	  volunteer	  who	  makes	  a	  product	  
from	  Open	  Design	  plans	  (Louv,	  Dickinson	  et	  al.	  2012,	  23).	  As	  Busch	  describes	  in	  The	  Incidental	  
Steward,	  Reflections	  on	  Citizen	  Science,	  there	  are	  “three	  main	  models	  of	  citizen	  science:	  Contributor,	  
Collaborative	  and	  Co-­‐created”	  (Busch	  2013,	  22).	  The	  toolkit’s	  intention	  is	  to	  explore	  whether	  Open	  
Design	  can	  contribute	  something	  else	  to	  these	  models	  of	  Citizen	  Science.	  
6.5 OD/CS	  Toolkit	  Method:	  Design	  	  
The	  content	  used	  to	  create	  the	  toolkit	  exploited	  previous	  research	  findings	  based	  on	  literary	  
discussion	  and	  detrimental	  pitfalls	  of	  future	  technology	  integration	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  
2013a);	  workshop	  findings	  of	  motivation,	  lay	  user	  skill	  and	  competency,	  opting	  out,	  data	  protection,	  
data	  sharing	  (Phillips.	  R	  et	  al.	  2013);	  cultural	  probe	  findings	  of	  transferable	  lay	  user	  skills,	  
manufacturing	  opportunities	  (Phillips.	  R,	  Baurley.	  S,	  Silve.	  S	  2013b);	  instructional	  workshops,	  
instructional	  design	  (Phillips,	  Lockton	  et	  al.	  2013)	  and	  ethnographic	  findings	  of	  mutual	  data	  sharing,	  
hacking	  of	  products,	  bespoke	  product	  creation,	  lay	  user	  re-­‐appropriation	  of	  technology	  and	  
desirability	  of	  technology	  functions.	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The	  toolkit	  builds	  on	  existing	  literary	  examples:	  design	  for	  usability	  (TuDelft	  2014),	  collective	  action	  
toolkit	  (Frog	  2012),	  The	  Tangible	  Interaction	  Card	  Brainstorming	  Game	  (Hornecker	  2012),	  Design	  
Thinking	  for	  Educators	  (Ideo	  2013),	  Internet	  of	  Things	  Deck	  Brainstorming	  toolkit	  (Interaction	  cards	  
2013),	  The	  Design	  with	  Intent	  Toolkit	  (Lockton	  2012),	  The	  Silk	  Method	  Deck	  (Wuytens,	  Willems	  
2010)	  and	  Methodkit	  (Möller	  2012).	  
	  
The	  toolkit	  was	  used	  to	  create	  discussions	  from	  project	  elements,	  getting	  users	  to	  think	  about	  
specific	  scenarios.	  Scenarios	  enable	  designers	  to	  “evaluate	  whether	  their	  design	  ideas	  will	  work	  with	  
their	  intended	  users”	  (Milton,	  A	  et	  al.	  2013,	  121).	  The	  main	  focus	  of	  the	  toolkit	  was	  to	  start	  the	  
conversation	  of	  Open	  Design	  and	  Citizen	  Science	  in	  partnership	  and	  evaluate	  their	  contextual	  
tautology.	  These	  conversations	  could	  identify	  and	  build	  tangible	  scenarios	  around	  the	  pitfalls,	  
benefits	  and	  opportunities	  the	  OD/CS	  partnership	  brings.	  	  
	  
The	  toolkit	  cards	  were	  designed	  “not	  to	  overload	  users’	  cognitive	  abilities”	  based	  on	  7.2.1	  of	  the	  
British	  Standards	  institutes’	  Ease	  of	  Operation	  of	  Everyday	  Products,	  Part	  1:	  Design	  Requirements	  for	  
Context	  of	  Use	  and	  User	  Characteristics,	  using	  appropriate	  hierarchies	  of	  text	  and	  simple	  
terminology	  (British	  Standards	  Institute	  2006,	  13).	  The	  toolkit’s	  graphic	  work	  was	  designed	  to	  adhere	  
to	  the	  Royal	  National	  Institute	  for	  the	  Blind’s	  (www.rnib.org.uk)	  “Clear	  Print	  Guidelines”	  to	  ensure	  as	  
many	  participants	  as	  possible	  could	  be	  included	  in	  the	  study	  (The	  Royal	  National	  Institute	  for	  the	  
Blind	  2014).	  	  
The	  toolkit	  was	  produced	  using	  playing	  card	  dimensions	  (88.9mm	  height	  and	  63.5mm	  wide)	  as	  they	  
were	  suitable	  for	  transporting	  and	  used	  existing	  playing	  card	  printing	  systems.	  This	  made	  the	  toolkit	  
affordable	  if	  a	  larger	  production	  scale	  was	  required	  in	  the	  future.	  The	  size	  of	  the	  toolkit	  cards	  made	  
it	  easier	  for	  participants	  to	  lay	  things	  out	  and	  subsequently	  create	  “narratives”	  (Curedale	  2013,	  236).	  
Narratives	  can	  be	  created	  using	  storyboards,	  “a	  form	  of	  prototyping	  which	  communicates	  each	  step	  
of	  an	  activity,	  experience	  or	  interaction”	  (Curedale	  2013,	  236).	  Using	  cards	  within	  the	  toolkit	  meant	  
topic	  areas	  could	  be	  disregarded	  easily	  if	  participants	  wished	  to	  focus	  on	  key	  areas	  of	  their	  concept	  
generation.	  To	  make	  the	  toolkit	  workflow	  manageable	  for	  participants,	  the	  research	  findings	  were	  
broken	  down	  into	  topic	  headings	  for	  discussions.	  These	  topic	  areas	  were	  taken	  from	  Richard	  et	  al’s	  
“project	  design	  considerations”	  and	  turned	  into	  tangible	  elements	  that	  participants	  could	  easily	  
engage	  with	  (Louv,	  Dickinson	  et	  al.	  2012,	  22).	  The	  image	  content	  was	  taken	  from	  every	  section	  of	  
the	  PhD	  work	  and	  activity	  prior	  to	  the	  toolkit	  creation.	  
	  
OD/CS	  toolkit	  topics	  were:	  
-­‐ Scenario,	  situation	  for	  monitoring	  (16	  cards)	  (Figure	  186)	  
-­‐ Technology,	  potential	  monitoring	  technologies	  (31	  cards)	  (Figure	  187)	  
-­‐ Method,	  contextual	  process	  for	  device	  use	  (31	  cards)	  (Figure	  188)	  
-­‐ Output,	  output	  from	  the	  device	  (17	  cards)	  (Figure	  189)	  
-­‐ People,	  target	  audience	  (15	  cards)	  (Figure	  190)	  
-­‐ What	  is	  success?	  The	  positive	  effect	  of	  the	  project	  (20	  cards)	  (Figure	  191)	  
-­‐ Funding,	  financing	  the	  venture	  (10	  cards)	  (Figure	  192)	  
-­‐ Challenges,	  potential	  issues	  that	  CS/OD	  projects	  could	  contain	  (11	  cards)	  (Figure	  193)	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Figure	  186,	  Scenario	  card	  in	  the	  toolkit	  
	  
Figure	  187,	  Technology	  card	  in	  the	  toolkit	  
	  
Figure	  188,	  Method	  card	  in	  the	  toolkit	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Figure	  189,	  Output	  card	  in	  the	  toolkit	  
	  
Figure	  190,	  People	  card	  in	  the	  toolkit	  
	  
Figure	  191,	  Success	  card	  in	  the	  toolkit	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Figure	  192,	  Funding	  card	  in	  the	  OD/CS	  toolkit	  
	  
Figure	  193,	  Challenge	  card	  in	  the	  OD/CS	  toolkit	  
Each	  title	  of	  activity	  (Figure	  183)	  had	  a	  colour	  indicator	  distinguishing	  them	  during	  selection.	  The	  
colours	  were	  defined	  to	  be	  complimentary	  but	  would	  also	  differentiate	  if,	  at	  a	  later	  date,	  
participants	  decided	  to	  print	  the	  toolkit	  on	  a	  black	  and	  white	  printer.	  Each	  card	  had	  hierarchy	  of	  text	  
(on	  the	  front	  of	  the	  card)	  including:	  title	  of	  activity,	  the	  definition	  of	  that	  activity,	  the	  intention	  of	  
topics,	  image	  from	  research	  findings,	  research	  insight	  explanation	  and	  section	  navigation.	  The	  
information	  on	  the	  rear	  of	  the	  cards	  explained	  the	  ramifications	  of	  the	  identified	  activity,	  the	  image	  
and	  provided	  section	  navigation.	  Pictograms	  for	  the	  people	  and	  technology	  sections	  were	  created	  by	  
the	  author.	  The	  challenge	  cards	  did	  not	  have	  a	  navigation	  mark	  (Figure	  190)	  as	  they	  could	  be	  used	  
anywhere	  in	  the	  card	  selection	  process.	  	  
The	  topics	  were	  ordered	  to	  highlight	  the	  individual	  participant’s	  desired	  monitoring	  scenario,	  
followed	  by	  technology	  cards	  that	  could	  be	  used	  in	  those	  scenarios.	  Whilst	  technologies	  were	  in	  the	  
toolkit,	  they	  could	  have	  been	  substituted	  for	  low	  tech	  human	  intervention.	  The	  method	  in	  which	  the	  
participant	  wanted	  to	  monitor	  was	  important	  as	  Citizen	  Science	  projects	  “need	  information	  
submitted	  by	  participants	  [that]	  is	  of	  high	  quality”	  and	  relevant	  (Louv,	  Dickinson	  et	  al.	  2012,	  30).	  The	  
classification	  of	  output	  is	  what	  the	  organisation	  wanted	  to	  receive	  from	  the	  Citizen	  Science	  
volunteer.	  
Knowing	  the	  target	  audience	  for	  Citizen	  Science	  activities	  is	  imperative	  as	  “the	  most	  important	  
consideration	  is	  the	  motivations	  of	  participants”	  (Roy,	  H.E.	  et	  al.	  2012,	  9).	  By	  using	  the	  toolkit	  to	  
identify	  intended	  audiences	  of	  the	  organisation’s	  theoretical	  activities,	  they	  can	  subsequently	  
choose	  how	  to	  motivate	  end	  users.	  In	  A	  Survey	  of	  Ungulates	  by	  Students	  Along	  Rural	  School	  Bus	  
Routes,	  Galloway	  et	  al	  describe	  the	  process	  of	  recruiting	  school	  children	  (living	  rurally)	  to	  document	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observed	  wildlife	  activity	  on	  their	  bus	  journey	  to	  school	  (Galloway,	  Hickey	  et	  al.	  2011,	  201-­‐204).	  
Galloway’s	  project	  had	  to	  design	  appropriate	  tools	  for	  the	  school	  children	  to	  use	  effectively.	  The	  
importance	  of	  designing	  successful	  Citizen	  Science	  resources	  for	  participants	  relies	  on	  identifying	  
them	  accurately	  and	  designing	  material	  accordingly.	  	  
Defining	  success	  to	  participants	  partaking	  in	  the	  toolkit’s	  workshops	  was	  important	  because	  there	  
can	  be	  many	  subtleties	  within	  defining	  the	  impact	  of	  a	  project	  or	  initiative.	  Design	  intentions	  needed	  
to	  be	  defined	  clearly	  (by	  the	  user/within	  the	  workshop)	  as	  the	  resultant	  design	  output	  might	  not	  
require	  such	  a	  large	  scale	  response,	  or	  might	  provide	  an	  opportunity	  to	  link	  activities	  with	  another	  
organisation.	  	  
Resourcing	  the	  funding	  for	  the	  participants’	  perceived	  projects	  was	  important.	  It	  gave	  the	  toolkit’s	  
audience	  the	  opportunity	  to	  identify	  tangible	  processes	  in	  which	  they	  wanted	  to	  fund	  their	  project.	  
The	  toolkit	  did	  not	  identify	  individual	  funding	  outlets,	  but	  defined	  subsequent	  business	  opportunities	  
where	  a	  project	  could	  maintain	  itself	  by	  retail	  or	  other	  appropriate	  means.	  The	  final	  topic	  of	  the	  
toolkit	  was	  the	  perceived	  challenges	  that	  could	  derail	  Open	  Design/Citizen	  Science	  projects.	  In	  an	  
ideal	  workshop	  process,	  this	  would	  be	  addressed	  first	  as	  the	  main	  priority	  was	  defining	  what	  and	  
how	  the	  participants	  wanted	  projects	  to	  be	  embodied,	  then	  they	  could	  critique	  them.	  
6.6 OD/CS	  toolkit	  Method:	  Design	  Development	  
In	  What	  is	  Usability?,	  Bevan	  describes	  that	  “usability	  lies	  in	  the	  interaction	  of	  the	  user	  with	  the	  
product	  or	  system	  and	  can	  only	  be	  accurately	  measured	  by	  assessing	  user	  performance,	  satisfaction	  
and	  acceptability”	  (Bevana,	  Kirakowskib	  et	  al.	  1991,	  4).	  From	  Bevan’s	  rationale,	  it	  was	  important	  to	  
test	  the	  toolkit	  not	  only	  to	  validate	  the	  process	  but	  to	  ensure	  the	  embodied	  design	  of	  the	  toolkit	  
made	  sense	  to	  non-­‐design	  users.	  A	  workshop	  was	  run	  to	  test	  the	  toolkit	  with	  Seren	  partners	  
(www.seren.com),	  a	  customer	  experience	  consultancy	  involving	  service	  designers,	  brand	  consultants	  
and	  UX	  designers	  (Seren	  2013).	  A	  mapping	  tool	  was	  created	  as	  initially	  the	  author	  thought	  that	  
providing	  a	  central	  target	  of	  hierarchy	  would	  provoke	  enough	  information	  from	  participants.	  The	  
test	  critiqued	  the	  experience,	  system	  and	  delivery	  of	  the	  toolkit	  (Figure	  191).	  The	  test	  highlighted	  
the	  need	  for	  introductions	  to	  territories	  to	  help	  users	  unfamiliar	  with	  the	  topic	  areas	  to	  understand	  
the	  scope	  and	  opportunities.	  Following	  the	  workshop	  with	  Seren	  partners,	  they	  identified	  that	  users	  
need	  to	  make	  narratives	  to	  build	  concepts	  and	  creative	  ideas,	  so	  storyboarding	  was	  included	  within	  
the	  toolkit.	  
	  
Figure	  194,	  Toolkit	  testing	  with	  Seren	  partners,	  the	  trial	  of	  the	  background	  ‘mapping	  tool’	  
6.7 OD/CS	  Toolkit	  Method:	  Design	  Amendments	  
Storyboarding	  is	  the	  act	  of	  documenting	  scenarios	  “illustrating	  a	  character-­‐rich	  story	  line	  describing	  
the	  context	  of	  use	  for	  a	  product	  or	  service”,	  as	  scenarios	  can	  “help	  to	  communicate	  and	  test	  the	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essence	  of	  a	  design	  idea	  within	  its	  probable	  context	  of	  use”	  (IDEO	  2003).	  Storyboarding	  helps	  
participants	  to	  contextualise	  and	  get	  “a	  grip	  on	  context	  and	  time	  by	  forcing	  them	  to	  attend	  to	  
diverse	  aspects,	  integrate	  these	  aspects	  and	  confront	  the	  implications	  that	  could	  be	  postponed	  with	  
abstract	  considerations”	  (Van	  der	  Lelie	  2006,	  97).	  	  
The	  toolkit	  built	  on	  Sampaio	  et	  al’s	  scenario	  constructing	  techniques	  to	  “enhance	  a	  situation	  with	  a	  
concrete	  and	  precise	  goal	  inside	  a	  scenario	  and	  provide	  a	  means	  of	  communicating	  among	  
stakeholders”	  (Sampaio,	  C	  et	  al.	  2000,	  41).	  Scenario	  building	  helps	  users	  perceive	  situations	  beyond	  
their	  existing	  knowledge	  or	  perception,	  highlighting	  “possible	  features,	  functions	  or	  design	  
attributes”	  (IDEO	  2003).	  To	  include	  storyboarding	  within	  the	  toolkit,	  a	  storyboard	  card	  was	  created	  
(Figure	  195).	  Storyboarding	  was	  first	  used	  in	  the	  film	  and	  media	  industry,	  creating	  a	  series	  of	  
“frames	  that	  communicate	  a	  sequence	  of	  events	  in	  context”	  (Curedale	  2013,	  236).	  The	  storyboard	  
card	  used	  A6	  cards	  as	  single	  frames	  to	  capture	  narratives	  from	  mixed	  viewpoints	  or	  ‘roles’	  clarified	  
as	  “You/User/Device/Other”.	  This	  allowed	  participants	  to	  think	  about	  which	  perspective	  they	  were	  
defining	  within	  each	  cell.	  The	  storyboard	  card	  helped	  participants	  to	  create	  a	  holistic	  narrative,	  as	  
they	  could	  envision	  the	  entire	  process	  of	  their	  created	  ‘product	  or	  service’.	  The	  intention	  behind	  
giving	  each	  role	  a	  separate	  story	  was	  that	  parallel	  actions	  might	  occur	  at	  the	  same	  time,	  based	  
around	  different	  elements,	  actions	  or	  activities.	  For	  example,	  the	  theoretical	  ‘device’	  might	  
communicate	  with	  the	  ‘user’	  and	  ‘you’	  (the	  organisation)	  simultaneously.	  
The	  single	  storyboard	  frames	  allow	  participants	  to	  edit	  or	  reorder	  the	  narratives	  created.	  During	  
previous	  research	  (Tooze,	  J	  et	  al.	  2014),	  Open	  Design	  touch	  points	  were	  defined	  as	  open	  and	  closed	  
inputs	  and	  outputs.	  These	  categories	  help	  participants	  define	  ‘how	  ‘open’	  open	  design	  is’.	  Open	  
inputs	  and	  outputs	  can	  then	  be	  defined	  at	  different	  points	  in	  the	  narrative,	  discussing	  the	  
participants’	  intentions	  (Tooze,	  J	  et	  al.	  2014).	  The	  storyboard	  card	  used	  Tooze	  et	  al’s	  methodology	  
for	  classifying	  the	  openness	  of	  Open	  Design	  proposals.	  
	  
Figure	  195,	  Storyboard	  card,	  produced	  in	  a	  single	  frame.	  The	  information	  element	  documents	  the	  openness	  of	  stages	  and	  
defines	  the	  narrative	  perspective	  (you/user/device)	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6.8 OD/CS	  Toolkit	  Method:	  Workshop	  Execution	  
The	  toolkit	  workshops	  started	  with	  an	  introductory	  presentation	  introducing	  Open	  Design	  and	  
Citizen	  Science	  territories.	  The	  author	  learnt	  from	  previous	  work	  (in	  the	  beekeepers’	  poster	  
workshop)	  that	  territory	  introductions	  make	  participants	  feel	  at	  ease	  and	  define	  the	  work	  ahead,	  
demystifying	  complex	  relationships	  (Phillips.	  R,	  et	  al.	  2013).	  The	  presentation	  showed	  contemporary	  
examples,	  including:	  Public	  Laboratory	  of	  Open	  Science	  (Plots,	  www.publiclaboratory.org),	  Open	  
Structures	  (www.openstructures.net),	  Little	  Bits	  (www.littlebits.cc),	  feeder	  watch	  
(www.feederwatch.org)	  and	  Airfix	  (www.airfix.com).	  	  	  	  
	  
Figure	  196,	  The	  design	  process	  of	  the	  toolkit	  workshops	  
The	  participants	  worked	  through	  the	  process	  of	  card	  sorting,	  selecting	  topical	  elements	  to	  include	  in	  
their	  design	  scenario	  (Figure196).	  Participants	  were	  advised	  to	  select	  the	  least	  amount	  of	  cards	  
possible,	  narrowing	  the	  scenario	  for	  their	  design	  brief;	  6	  cards	  per	  topic	  was	  deemed	  appropriate.	  
The	  author	  facilitated	  the	  participants’	  card	  selection,	  ensuring	  accurate	  translation	  of	  participants’	  
opinions.	  The	  OD/CS	  toolkit	  intention	  is	  to	  create	  discussion	  around	  issues,	  both	  positive	  and	  
negative,	  prioritising	  areas	  to	  explore	  as	  a	  product	  or	  service	  solution.	  Even	  though	  the	  toolkit	  was	  
created	  for	  Open	  Design,	  it	  was	  not	  the	  sole	  intention.	  	  
6.9 OD/CS	  Toolkit	  Method:	  Sussex	  Wildlife	  Trust	  	  
The	  Sussex	  Wildlife	  Trust	  (SWT)	  is	  a	  conservation	  and	  charitable	  organisation	  managing	  over	  4500	  
acres	  of	  nature	  reserves	  within	  Sussex	  in	  the	  United	  Kingdom.	  The	  SWT	  is	  renowned	  for	  its	  
environmental	  education	  programme	  and	  is	  supported	  by	  over	  33,500	  members,	  some	  of	  whom	  are	  
volunteers	  (Sussex	  Wildlife	  Trust	  2013).	  The	  SWT	  run	  extensive	  wildlife	  courses	  on	  birds,	  mammals,	  
flora	  and	  ecology,	  with	  each	  activity	  attracting	  paying	  participants	  within	  and	  external	  to	  their	  
membership	  (Russell	  2013).	  The	  SWT	  currently	  engage	  volunteers	  for	  monitoring	  with	  their	  “part-­‐
time	  shepherds	  project,”	  training	  hikers,	  dog	  walkers	  and	  joggers	  as	  “volunteer	  shepherds”	  to	  
observe	  sheep	  in	  visited	  pastures	  and	  monitor	  the	  health	  of	  livestock	  (Blencowe	  2013,	  18).	  SWT	  are	  
active	  in	  social	  media	  platforms,	  regularly	  ‘tweeting’	  video	  content	  from	  their	  ‘video	  nest	  bird	  
boxes’,	  presenting	  familiarity	  with	  the	  positives	  of	  accessible	  technology.	  	  
The	  SWT’s	  headquarters	  comprise	  meadows,	  ponds,	  woods	  and	  viewing	  points	  with	  classrooms	  
educating	  the	  public	  about	  environments,	  demonstrating	  experience	  with	  public	  engagement	  and	  
school	  participation.	  SWT	  collaborate	  with	  The	  Sussex	  Bio-­‐diversity	  Centre	  (SBC),	  who	  “collect,	  
manage	  and	  disseminate	  wildlife	  data,	  providing	  an	  information	  service	  for	  the	  whole	  of	  Sussex”	  
(Anonymous	  2013e).	  The	  SBC	  (www.sxbrc.org.uk)	  is	  active	  in	  habitat	  /species	  data	  across	  Sussex,	  
involved	  in	  many	  species	  inventories.	  This	  background	  puts	  the	  Sussex	  Wildlife	  Trust	  in	  the	  position	  
of	  being	  experts	  within	  their	  fields	  of	  conservation	  and	  wildlife	  protection.	  The	  combination	  of	  the	  
SWT	  and	  the	  SBC	  means	  they	  can	  collaborate	  and	  mutually	  benefit	  from	  data	  gathered	  by	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theoretical	  devices	  created	  from	  potential	  workshop	  activities.	  Prior	  to	  the	  workshop,	  the	  SWT	  were	  
interested	  in	  using	  digital	  manufacture,	  Open	  Design	  and	  Citizen	  Science	  for	  two	  initial	  upsides	  to	  
the	  organisation:	  	  
1) Volunteers	  could	  construct	  and	  deploy	  devices	  as	  charitable	  donations.	  	  
2) Digital	  manufacture	  caters	  to	  low	  volumes	  with	  low	  investment,	  presenting	  pilot	  project	  
opportunities.	  
The	  participants	  at	  the	  workshop	  included	  SWT	  volunteers,	  biological/species	  experts	  and	  staff	  from	  
the	  SBC	  (www.sxbrc.org.uk)	  involved	  in	  the	  recent	  State	  of	  Nature	  national	  report,	  which	  ascertained	  
that	  “60%	  of	  the	  3,148	  UK	  species	  assessed	  have	  declined	  over	  the	  last	  50	  years	  and	  31%	  have	  
declined	  strongly”	  (Burns,	  Eaton	  et	  al.	  2013,	  2).	  The	  State	  of	  Nature	  Report	  also	  highlighted	  that,	  “out	  
of	  6,000	  species	  assessed,	  more	  than	  one	  in	  10	  are	  thought	  to	  be	  under	  threat	  of	  extinction	  in	  the	  UK,”	  
highlighting	  the	  need	  to	  include	  residents	  and	  local	  populations	  in	  their	  surrounding	  wildlife	  (Burns,	  
Eaton	  et	  al.	  2013,	  2).	  Workshop	  participants	  were	  familiar	  with	  commercial	  monitoring,	  for	  example	  
“bird	  ringing,	  cataloguing	  species	  for	  the	  purpose	  of	  migration,”	  but	  unfamiliar	  with	  design	  processes	  
and	  ideation	  workshops	  (RSPB	  2010).	  	  
6.10 OD/CS	  Toolkit	  Method:	  Cornell	  Laboratory	  of	  Ornithology	  
The	  Cornell	  Laboratory	  of	  Ornithology	  (CLO)	  is	  a	  world	  leader	  in	  the	  study,	  appreciation,	  and	  
conservation	  of	  birds	  (Cornell	  Lab	  2013).	  They	  use	  technological	  innovation	  to	  advance	  the	  
understanding	  of	  nature	  and	  to	  engage	  people	  of	  all	  ages	  in	  learning	  about	  birds	  and	  protecting	  the	  
planet	  (Cornell	  Lab	  2013).	  The	  CLO	  has	  been	  at	  the	  forefront	  of	  Citizen	  Science	  programmes	  and	  
projects	  since	  1966	  and	  continues	  to	  create	  “online	  tools	  enabling	  people	  to	  share	  and	  explore	  their	  
data”	  (Cornell	  Lab	  2013).	  The	  CLO	  houses	  the	  Macaulay	  Library	  (www.macaulaylibrary.org)	  with	  a	  
mission	  to	  collect,	  preserve,	  and	  facilitate	  the	  use	  of	  wildlife	  recordings	  for	  science,	  education,	  
conservation,	  and	  the	  arts	  (Cornell	  University	  2013).	  Cornell	  houses	  a	  world	  leading	  bioacoustics	  
research	  programme,	  an	  artist’s	  training	  programme	  for	  the	  recording	  of	  wildlife	  and	  one	  of	  the	  
largest	  specimen	  libraries	  used	  internationally	  for	  documentation	  and	  education.	  Their	  Citizen	  
Science	  projects	  have	  engaged	  international	  audiences,	  leading	  to	  prominent	  scientific	  findings	  in	  
ornithology	  and	  wildlife,	  developing	  models,	  methodologies	  and	  practices	  replicated	  worldwide.	  	  
CLO’s	  projects	  have	  included	  eBird	  (www.ebird.org),	  a	  real-­‐time	  online	  checklist	  program,	  
cataloguing	  “1,000,000	  bird	  observations	  monthly	  reported	  by	  participants”	  (Cornell	  Laboratory	  of	  
Ornithology	  2013b),	  Feeder	  Watch	  (www.feederwatch.org),	  Backyard	  Bird	  Count	  
(www.birdcount.org),	  YardMap	  (www.yardmap.org)	  and	  the	  Elephant	  Listening	  Project	  
(www.elephantlisteningproject.org),	  all	  relying	  on	  user	  participation	  for	  data	  collection.	  The	  CLO	  has	  
a	  visitor	  centre	  that	  accompanies	  Sapsucker	  Woods,	  a	  230	  acre	  forest	  with	  ponds,	  ferny	  swamps,	  
and	  abundant	  wildlife	  with	  over	  230	  bird	  species	  documented	  on	  their	  trails	  (Cornell	  Lab	  2013).	  
Their	  visitor	  centre	  has	  a	  yearly	  footfall	  of	  40,000	  people	  and	  their	  research	  has	  produced	  abundant	  
scientific	  contributions,	  publications	  and	  industry	  findings.	  The	  CLO’s	  active	  role	  in	  Citizen	  Science	  
activities,	  public	  education	  and	  documentation	  positions	  them	  as	  experts	  within	  the	  execution,	  
administration	  and	  development	  of	  CS	  projects	  (Cornell	  Laboratory	  of	  Ornithology	  2013a).	  	  
The	  workshop	  was	  held	  twice	  with	  mixed	  participants	  from	  the	  CLO,	  including	  education	  and	  
technical	  teams	  from	  the	  eBird	  and	  Elephant	  Listening	  projects.	  The	  participants	  had	  a	  different	  
briefing	  to	  Sussex	  Wildlife	  as	  they	  are	  active	  in	  CS	  and	  familiar	  with	  Public	  Laboratory	  of	  Open	  
Technology	  &	  Science	  (www.publiclab.org)	  and	  Public	  Library	  of	  Open	  Science	  (www.plos.org),	  
organisations	  that	  embrace	  ‘open’	  practice	  and	  methodologies.	  Participants	  were	  guided	  through	  
the	  same	  ‘card	  sorting’	  process	  as	  previous	  groups.	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6.11 OD/CS	  Toolkit	  Method:	  Process	  of	  Analysis	  
Results	  from	  the	  toolkit	  workshops	  were	  analysed	  by	  two	  processes.	  The	  first	  was	  the	  toolkit’s	  
output	  alignment	  to	  criteria	  constructed	  with	  the	  workshop	  organisations	  prior	  to	  the	  workshop,	  
during	  initial	  contact.	  Secondly,	  the	  toolkit	  outputs	  were	  discussed	  with	  the	  participants,	  evaluating	  
new	  concepts	  or	  approaches	  to	  Citizen	  Science/Open	  Design	  that	  the	  toolkit	  had	  helped	  them	  
question,	  identifying	  new	  ideas	  and	  product	  territories	  worthy	  of	  their	  exploration.	  
	  
Definition	  of	  criteria	  created	  with	  SWT	  
1) Must	  not	  cause	  harm	  to	  participant	  or	  have	  detrimental	  effect	  on	  environment	  or	  species.	  	  
2) Must	  be	  ‘downloadable’	  for	  members	  of	  the	  public	  with	  no	  design	  training	  to	  make,	  
fabricate	  or	  purchase	  through	  online	  manufacturer.	  
3) Created	  device	  must	  be	  accurately	  repeatable	  
	  
Definition	  of	  criteria	  created	  with	  Cornell	  
1) Open	  Design	  without	  failure	  of	  quality	  control.	  
2) Extend	  the	  reach	  of	  Citizen	  Science	  by	  being	  ‘downloadable’,	  reaching	  a	  different	  audience	  
beyond	  the	  smartphone.	  
6.12 OD/CS	  Toolkit	  Method:	  Summary	  	  
The	  design	  of	  the	  toolkit	  was	  developed	  and	  tested	  because	  the	  relationship	  of	  the	  two	  phenomena	  
in	  combination	  have	  innate	  challenges	  and	  issues	  that	  can	  be	  learnt	  and	  dealt	  with.	  The	  toolkit	  was	  
created	  to	  test	  these	  theories	  with	  live	  entities	  both	  in	  the	  field	  of	  experts	  familiar	  to	  CS	  and	  a	  local	  
nature	  conservation	  charity	  that	  would	  benefit	  from	  public	  engagement	  and	  CS	  activities.	  The	  toolkit	  
gave	  unique	  insights	  into	  the	  process	  of	  designing	  with	  the	  combined	  phenomena.	  
6.13 Results	  Study	  6,	  OD/CS	  Toolkit	  	  
6.14 OD/CS	  Toolkit:	  Recap	  
The	  OD/CS	  card	  toolkit	  was	  created	  to	  understand	  the	  successful	  framing	  of	  Citizen	  Science	  activities	  
through	  Open	  Design	  for	  a	  charitable	  nature	  conservation	  organisation.	  The	  toolkit	  was	  tested	  with	  
two	  organisations	  in	  different	  fields;	  one	  within	  the	  practice	  of	  international	  academic	  and	  
charitable	  Citizen	  Science	  (Cornell	  Laboratory	  of	  Ornithology),	  and	  the	  other	  a	  local	  charity	  
accompanying	  a	  biodiversity	  records	  centre	  (Sussex	  Wildlife	  Trust).	  	  
6.15 OD/CS	  Toolkit	  Results:	  Objective	  
The	  primary	  objective	  of	  the	  study	  was	  to	  use	  the	  toolkit	  to	  investigate	  and	  evaluate	  Open	  
Design/Citizen	  Science	  opportunities	  that	  the	  two	  organisations,	  Cornell	  Laboratory	  of	  Ornithology	  
(CLO)	  and	  Sussex	  Wildlife	  Trust	  (SWT),	  could	  explore.	  The	  second	  objective	  was	  to	  evaluate	  the	  
design	  of	  the	  toolkit	  in	  generating	  a	  discussion	  around	  the	  topic	  and	  delivering	  an	  initial	  design	  brief.	  
Open	  Design	  presents	  opportunities	  to	  charities	  as	  they	  can	  create	  product	  plans	  that	  alternate	  
parties	  can	  replicate,	  lowering	  the	  financial	  entry	  point	  to	  product	  creation.	  The	  workshops	  
presented	  the	  appropriate	  avenue	  to	  encourage	  the	  SWT	  (charitable	  organisation)	  and	  CLO	  
(academic	  and	  charitable	  organisation)	  to	  think	  about	  how	  they	  could	  use	  Open	  Design.	  Open	  Design	  
within	  this	  workshop	  gave	  SWT	  and	  CLO	  the	  context	  to	  think	  about	  proposals	  and	  design	  directions	  
that	  complemented	  their	  current	  expertise.	  	  
Citizen	  Science	  was	  the	  main	  focus	  of	  the	  workshop,	  exploring	  possible	  ideas	  and	  ramifications.	  The	  
objective	  for	  the	  toolkit	  was	  to	  promote	  discussions	  around	  the	  territory	  of	  Citizen	  Science	  and	  Open	  
Design,	  to	  see	  if	  its	  outputs	  were	  viable	  and	  how	  the	  approach	  could	  be	  implemented.	  The	  workshop	  
audiences	  were	  not	  involved	  in	  beekeeping	  activities.	  The	  author	  was	  interested	  in	  wider	  repeatable	  
lessons	  of	  project	  design,	  project	  deployment,	  participant	  motivation	  and	  detrimental	  project	  effects	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that	  could	  be	  applied	  to	  the	  Bee	  Lab	  Kit.	  The	  results	  write-­‐up	  will	  follow	  the	  workshop	  process	  of	  
card	  selection,	  review	  and	  discussion	  with	  workshop	  participants	  and,	  finally,	  storyboards	  created	  by	  
the	  participants	  (Figure	  197).	  
	  
Figure	  197,	  Process	  of	  the	  toolkit	  workshops	  
6.16 OD/CS	  Toolkit	  Results:	  Sussex	  Wildlife	  Trust	  (SWT)	  
The	  toolkit	  guided	  participants	  through	  concept	  creation	  in	  the	  technological	  territory	  ‘beyond	  the	  
smartphone’.	  The	  SWT’s	  initial	  fears	  centred	  on	  ‘not	  replacing	  nature	  with	  a	  screen’,	  so	  the	  concept	  
of	  creating	  devices	  that	  would	  enhance	  activities	  appealed	  to	  the	  SWT.	  The	  charity	  was	  unfamiliar	  
with	  creating	  products	  as	  finances	  are	  too	  restricted	  to	  pursue	  such	  activities.	  Open	  Design	  can	  offer	  
opportunities	  of	  low-­‐investment	  product	  creation,	  contributing	  to	  topical	  issues	  or	  local/national	  
public	  engagement.	  Initial	  pre-­‐workshop	  conversations	  explored	  education,	  involving	  new	  and	  
secondary	  audiences	  to	  address	  wildlife	  issues.	  The	  SWT	  workshop	  was	  run	  at	  their	  head	  office,	  
Woods	  Mill	  in	  East	  Sussex	  (Figure	  198	  &	  199).	  	  
	  
Figure	  198,	  SWT	  workshop,	  card	  sorting	  exercise	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  199,	  collating	  a	  brief	  
6.17 OD/CS	  Toolkit	  Results:	  SWT,	  Scenario	  (the	  Situation	  for	  Monitoring)	  
The	  situation	  of	  use	  was	  one	  of	  the	  most	  important	  factors	  for	  the	  SWT,	  taking	  the	  longest	  time	  with	  
the	  toolkit.	  The	  SWT	  safeguards	  such	  a	  broad	  range	  of	  species	  within	  its	  remit	  that	  it	  was	  looking	  to	  
identify	  ‘accessible	  wildlife’	  that	  could	  be	  frequently	  observed	  by	  their	  members	  or	  volunteers.	  The	  
toolkit	  facilitated	  the	  initial	  discussion,	  during	  which	  the	  SWT	  provided	  their	  species	  knowledge	  and	  
areas	  in	  which	  they	  would	  like	  to	  have	  capacity	  for	  monitoring.	  The	  SWT	  regularly	  conducts	  transects	  
of	  different	  areas	  and	  environments.	  A	  transect	  is	  defined	  as	  “a	  straight	  line	  or	  narrow	  section	  
through	  an	  object	  or	  natural	  feature	  or	  across	  the	  earth’s	  surface,	  along	  which	  observations	  are	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made	  or	  measurements	  taken”	  (Dictionary	  2006).	  Wildlife	  transects	  of	  locations	  are	  regularly	  
conducted	  by	  experts	  and	  volunteers	  within	  the	  SWT,	  using	  analogue	  notation	  and	  photographs.	  
The	  toolkit	  raised	  the	  concept	  of	  transects	  through	  the	  creation	  of	  digital	  maps	  that	  could	  catalogue	  
abundant	  species,	  specifically	  monitoring	  the	  UK’s	  population	  of	  slowworms.	  Slowworms	  are	  a	  
species	  that	  is	  “abundant	  and	  protected	  in	  the	  UK”	  (Anonymous	  2013a).	  A	  specific	  example	  raised	  by	  
the	  workshop	  was	  the	  SWT’s	  interest	  in	  cataloguing	  the	  fluctuation	  in	  otter	  populations	  within	  East	  
Sussex.	  Whilst	  otter	  experts	  were	  present,	  otter	  activity	  in	  Sussex	  is	  rare	  and	  could	  disappoint	  
observing	  participants,	  demotivating	  them	  from	  regular	  participation.	  The	  SWT	  were	  interested	  in	  
everyday	  species	  sightings,	  and	  highlighted	  the	  practical	  problems	  of	  people	  finding	  and	  disturbing	  
habitats,	  defined	  in	  their	  criteria.	  The	  discussion	  of	  product	  creation	  also	  changed	  the	  tone	  of	  ‘who	  
to	  include,	  and	  when’?	  The	  SWT	  was	  more	  interested	  in	  creating	  an	  Open	  Design	  community	  that	  
they	  could	  engage	  with,	  rather	  than	  purely	  being	  scenario	  based	  and	  tied	  to	  one	  activity.	  One	  
concept	  the	  toolkit	  raised	  was	  the	  alignment	  of	  charitable	  organisations’	  goals	  with	  school	  or	  
curriculum	  activities.	  	  
6.18 OD/CS	  toolkit	  Results:	  SWT,	  Technology	  (Monitoring	  Technologies	  That	  Could	  Be	  Used)	  	  
The	  concept	  of	  specific	  technologies	  within	  the	  toolkit	  were	  not	  of	  interest	  to	  the	  SWT,	  they	  were	  far	  
more	  interested	  in	  what	  an	  Open	  Design/Citizen	  Science	  scheme	  could	  deliver	  and	  the	  potential	  to	  
reach	  new	  audiences	  rather	  than	  selecting	  technologies.	  During	  the	  workshop,	  the	  SWT	  workshop	  
participants	  used	  the	  toolkit	  technology	  cards	  to	  see	  the	  potential	  in	  what	  technologies	  would	  
enable	  them	  to	  do.	  This	  promoted	  the	  potential	  power	  of	  and	  new	  approach	  to	  Citizen	  Science	  by	  
the	  SWT.	  The	  SWT	  wanted	  to	  increase	  the	  uptake	  of	  user	  fabricated	  technologies,	  possibly	  creating	  a	  
network	  of	  information	  they	  and	  other	  groups	  could	  access.	  
6.19 OD/CS	  Toolkit	  Results:	  SWT,	  Method	  (the	  Process	  in	  Which	  the	  Device	  is	  Used)	  
The	  SWT	  wanted	  to	  use	  the	  concept	  of	  downloadable	  and	  ‘Open’	  products	  to	  explore	  new	  methods	  
of	  public	  engagement.	  During	  the	  workshop,	  they	  selected	  gamification	  cards	  from	  the	  toolkit.	  The	  
application	  and	  motivation	  of	  “gamification”	  was	  discussed	  in	  comparison	  to	  Cub	  Scout	  badges,	  
issued	  for	  completion	  and	  documentation	  of	  activities	  (Deterding,	  Dixon	  et	  al.	  2011,	  4).	  Gamification	  
identifies	  relevant	  rewards	  for	  participation	  and	  translates	  activities	  into	  games	  that	  can	  be	  played	  in	  
the	  physical	  world,	  accompanied	  by	  digital	  tools	  (Deterding,	  Dixon	  et	  al.	  2011,	  4).	  For	  example,	  the	  
SWT	  workshop	  participants	  wanted	  to	  create	  games	  using	  kites	  that	  could	  map	  the	  terrain	  from	  an	  
aerial	  view.	  The	  more	  mapping	  the	  child	  or	  participant	  did,	  the	  more	  points	  they	  would	  accrue,	  
climbing	  a	  leader	  board.	  The	  theoretical	  rewards	  from	  these	  activities	  could	  link	  to	  social	  
networking,	  promoting	  issues	  within	  wildlife,	  making	  participants	  ‘young	  ambassadors’	  for	  their	  
surrounding	  environment.	  ‘Young	  ambassador’	  participation	  could	  broaden	  engagement	  for	  
audiences	  who	  would	  not	  usually	  take	  part	  in	  such	  activities	  or	  participants	  who	  cannot	  physically	  
access	  SWT’s	  wildlife	  sites.	  
6.20 OD/CS	  Toolkit	  Results:	  SWT,	  Output	  (from	  the	  Device)	  	  
The	  output	  cards	  from	  the	  toolkit	  helped	  the	  participants	  consider	  how	  they	  could	  package	  activities	  
together.	  Rather	  than	  forming	  one	  activity	  or	  one	  sensing	  device,	  they	  could	  gather	  subsidiary	  data	  
that	  could	  compliment	  multiple	  activities.	  For	  example,	  how	  could	  a	  member	  of	  the	  public	  unfamiliar	  
with	  livestock	  care	  assess	  the	  health	  of	  hill	  grazing	  livestock	  whilst	  taking	  their	  dog	  for	  a	  walk?	  
The	  SWT	  became	  absorbed	  in	  the	  output	  of	  physical	  imagery,	  combining	  two	  of	  the	  toolkit’s	  cards:	  a	  
photograph	  and	  physical	  object.	  In	  Sussex,	  there	  is	  an	  abundance	  of	  starling	  flocks	  moving	  in	  unison,	  
creating	  visually	  aesthetic	  moving	  swarms.	  The	  SWT	  were	  interested	  in	  participants	  capturing	  these	  
movements	  and,	  more	  importantly,	  their	  volumes.	  The	  device	  outputs	  (discussed	  within	  the	  
The	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workshop)	  could	  not	  only	  create	  mapping	  and	  conservation	  data	  but	  also	  translate	  ‘captured	  
activity’	  into	  physical	  ‘things’,	  bespoke	  to	  the	  viewer	  or	  capturer.	  	  
The	  workshop	  party	  wanted	  device	  outputs	  that	  participants	  could	  ‘take	  home’	  either	  physically	  or	  
digitally.	  For	  example,	  a	  360	  degree	  camera	  view	  of	  a	  bird’s	  flight	  path	  translated	  into	  a	  child’s	  
memento,	  either	  physically	  in	  3D	  printed	  form,	  or	  as	  a	  digital	  image.	  This	  concept	  evolved	  the	  end	  
location	  of	  where	  the	  workshop	  participants	  saw	  their	  theoretical	  devices	  existing	  and	  operating.	  
They	  did	  not	  consider	  that	  the	  theoretical	  devices	  would	  be	  in	  every	  home	  (i.e.	  individually	  owned),	  
but	  that	  they	  would	  initially	  be	  in	  every	  school,	  museum	  or	  tourism	  office	  as	  they	  could	  be	  cheap	  to	  
locally	  ‘download’.	  	  
The	  output	  section	  in	  the	  toolkit	  evolved	  the	  discussion	  with	  the	  SWT	  to	  think	  more	  communally	  
about	  how	  participants	  could	  create	  devices	  to	  output	  different	  levels	  and	  granularity	  of	  data.	  The	  
SWT	  workshop	  participants	  explored	  the	  concept	  of	  a	  ‘nature	  street’,	  establishing	  competitions	  on	  
identifying	  species	  amongst	  certain	  age	  groups,	  creating	  community	  competitions.	  The	  workshop	  
participants	  explored	  the	  possibility	  of	  local	  councils	  or	  technology	  groups	  embracing	  the	  creation	  of	  
monitoring	  devices	  where	  the	  subsequent	  data	  could	  prove	  valuable	  in	  the	  long	  run.	  
The	  charity	  would	  use	  gathered	  data	  to	  gain	  feedback	  from	  people	  visiting	  locations	  within	  their	  
custody,	  as	  they	  are	  currently	  exploring	  processes	  to	  engage	  communities	  within	  their	  remit.	  	  
6.21 OD/CS	  Toolkit	  Results:	  SWT,	  People	  (Participants	  involved	  in	  Activity)	  
SWT	  workshop	  participants	  wanted	  to	  include	  every	  demographic	  from	  the	  toolkit	  within	  their	  
Citizen	  Science	  concept,	  putting	  the	  experience	  and	  participant	  reward	  at	  the	  centre	  of	  their	  focus	  
for	  the	  project	  proposal.	  The	  toolkit	  helped	  the	  SWT	  to	  identify	  that	  they	  would	  have	  to	  articulate	  
their	  projects	  at	  different	  levels	  of	  complexity	  to	  attract	  different	  users	  and	  create	  recruitment	  
material	  to	  appeal	  to	  different	  groups.	  
	  
Throughout	  the	  workshop,	  the	  participants	  continually	  questioned	  what	  members	  of	  the	  general	  
public	  could	  understand,	  engage	  with	  and	  actively	  contribute	  to.	  End	  users	  of	  the	  theoretical	  devices	  
would	  need	  to	  be	  trained	  in	  how	  to	  track,	  to	  not	  disturb,	  and	  to	  place	  devices	  appropriately.	  This	  
training	  would	  be	  conducted	  at	  one	  of	  the	  SWT’s	  training	  centres	  they	  already	  use	  for	  their	  
educational	  programme.	  The	  SWT	  were	  reticent	  to	  let	  participants	  persue	  ‘open	  monitoring’	  without	  
briefing	  public	  volunteers	  in	  person.	  Workshop	  contributors	  were	  wary	  of	  video	  training	  tutorials	  
online	  as	  they	  could	  not	  converse	  with	  participants	  and	  might	  discourage	  volunteers.	  	  
The	  SWT	  used	  the	  people	  cards	  within	  the	  toolkit	  to	  question	  how	  they	  would	  motivate	  those	  
particular	  demographics	  to	  participate.	  The	  workshop	  participants	  wanted	  to	  place	  and	  encourage	  
monitoring	  activities	  within	  "the	  critical	  age	  of	  influence”	  before	  12	  years	  old	  (Bird	  2007,	  12).	  Before	  
age	  12,	  “contact	  with	  nature	  in	  all	  its	  forms,	  but	  in	  particular	  wild	  nature,	  appears	  to	  strongly	  
influence	  a	  positive	  behaviour	  towards	  the	  environment"	  in	  participants	  (Bird	  2007,	  12).	  The	  SWT	  
considered	  families	  playing	  games	  to	  explore	  wildlife	  in	  Sussex,	  and	  saw	  the	  advantage	  of	  
collaborating	  with	  local	  social	  clubs,	  i.e.	  sailing	  groups,	  rambling	  (walking)	  groups	  or	  possibly	  local	  
paragliding	  groups.	  These	  collaborations	  would	  align	  Citizen	  Science	  outputs	  alongside	  hobbies,	  
mutually	  benefiting	  each	  party	  from	  gathered	  data.	  For	  example,	  local	  fishing	  groups	  could	  gather	  
fish	  stock	  readings	  whilst	  fishing.	  The	  activity	  could	  either	  entertain	  hobbyists’	  accompanying	  
children	  or	  complement	  their	  activities.	  	  
The	  SWT	  identified	  that	  supporting	  curriculum	  activities	  with	  Citizen	  Science	  could	  transform	  wildlife	  
engagement	  in	  local	  and	  international	  schools.	  The	  toolkit’s	  people	  section	  lead	  to	  discussions	  of	  
connected	  learning	  strategies	  that	  the	  SWT	  could	  offer	  to	  schools.	  The	  practice	  of	  including	  schools	  
could	  comprise	  the	  creation	  of	  digital	  devices	  in	  technology	  lessons,	  with	  outputs	  used	  in	  geography	  
or	  biology	  lessons,	  creating	  ‘connected	  education’.	  This	  could	  subsequently	  encourage	  family	  
The	  Bee	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participation	  and	  possibly	  lead	  to	  national	  interconnected	  communities	  as	  a	  translation	  of	  ‘language	  
exchanges’	  or	  ‘pen	  pals’	  amongst	  schools.	  	  
Schools	  could	  monitor	  their	  local	  environment	  and	  collaborate	  with	  others	  around	  the	  country	  or	  
possibly	  internationally.	  The	  SWT	  were	  adamant	  not	  to	  remove	  participants	  from	  the	  outdoor	  
environment	  but,	  instead,	  to	  enhance	  their	  experiences.	  This	  enhanced	  experience	  could	  educate	  
participants	  and	  possibly	  recruit	  them	  as	  ‘ambassadors	  for	  wildlife’	  among	  their	  peers.	  Whilst	  SWT’s	  
motivations	  were	  not	  solely	  scientific,	  they	  wanted	  to	  develop	  the	  public’s	  understanding,	  education	  
and	  engagement	  in	  wildlife.	  Using	  data	  gathering	  to	  positively	  engage	  audiences	  could	  present	  a	  
subsidiary	  outcome,	  changing	  people’s	  behaviour	  towards	  wildlife	  treatment	  within	  their	  
surroundings.	  	  
6.22 OD/CS	  Toolkit	  Results:	  SWT,	  What	  is	  Success?	  (The	  Positive	  Intention	  of	  the	  Device)	  
When	  the	  notion	  of	  proposal	  success	  was	  discussed	  with	  the	  toolkit	  cards,	  the	  most	  important	  goals	  
were	  ‘educating	  and	  engaging	  the	  public	  in	  the	  environment	  that	  surrounds	  them’.	  During	  the	  
workshop,	  the	  SWT	  participants	  had	  never	  considered	  retailing	  monitoring	  products	  but	  it	  appealed	  
as	  a	  new	  revenue	  stream	  that	  they	  could	  also	  gain	  data	  from.	  
6.23 OD/CS	  Toolkit	  Results:	  SWT,	  Funding	  (How	  this	  Venture	  Might	  be	  Financed)	  
The	  toolkit’s	  funding	  section	  addressed	  device	  creation	  and	  data	  sharing	  as	  ‘the	  next	  stage	  in	  
charitable	  donations’.	  The	  SWT	  created	  the	  proposal	  that	  their	  members	  could	  donate	  accrued	  
environmental	  or	  species	  data,	  rather	  than	  donating	  funds,	  thus	  demonstrating	  a	  step	  towards	  a	  
charitable	  “digital	  economy”	  (Chamberlain,	  Davies	  et	  al.	  2012,	  4).	  The	  financial	  ramifications	  of	  
‘devices’	  were	  considered	  by	  participants	  throughout	  the	  activity,	  aligning	  to	  Tweedle’s	  first	  steps	  of	  
“identify	  funding	  and	  resources”	  in	  their	  model	  of	  Citizen	  Science	  (UK-­‐EOF	  2013)	  (8).	  Monitoring	  
activities	  could	  align	  with	  existing	  financial	  systems,	  i.e.	  a	  fishing	  licence,	  “a	  legal	  requirement	  for	  
fishermen	  within	  the	  United	  Kingdom”,	  could	  accompany	  a	  licence	  with	  a	  device	  (Environment	  
Agency	  2013).	  
6.24 OD/CS	  Toolkit	  Results:	  SWT,	  Challenges	  (Potential	  Issues	  that	  CS/OD	  Projects	  Could	  Have	  
within	  Them)	  	  
The	  challenges	  section	  of	  the	  toolkit	  highlighted	  many	  stumbling	  blocks	  for	  successful	  Open	  
Design/Citizen	  Science	  projects.	  The	  SWT	  was	  concerned	  with	  people	  ‘handling	  wildlife’,	  particularly	  
endangered	  species,	  but	  saw	  great	  value	  in	  using	  concepts	  produced	  on	  demand	  by	  members	  of	  the	  
public.	  The	  SWT	  were	  worried	  about	  the	  legal	  considerations	  of	  ‘sending	  people	  to	  monitor	  wildlife	  
or	  environments’	  who	  could	  possibly	  have	  no	  experience	  of	  the	  outdoors.	  For	  example,	  one	  
workshop	  participant	  commented,	  “What	  about	  inadequate	  clothing”,	  identifying	  that,	  if	  a	  
theoretical	  participant	  (conducting	  a	  monitoring	  activity	  for	  SWT)	  got	  caught	  in	  a	  storm	  on	  the	  South	  
Downs,	  would	  the	  SWT	  be	  responsible	  for	  possible	  hypothermia	  or	  their	  welfare?	  	  
The	  2001	  foot	  and	  mouth	  outbreak	  in	  the	  United	  Kingdom	  was	  discussed	  as	  another	  issue	  that	  
spread	  out	  of	  control,	  not	  helped	  by	  the	  public	  mis-­‐understanding	  how	  their	  foot	  traffic	  exacerbated	  
the	  spread.	  Foot	  and	  mouth	  is	  spread	  by	  foreign	  contaminants	  that	  can	  be	  transferred	  to	  footwear	  
and	  carried	  over	  wide	  areas.	  In	  2001,	  the	  South	  Downs	  recreation	  area,	  located	  in	  East	  Sussex,	  was	  
closed	  in	  order	  to	  stop	  the	  spread	  of	  the	  disease.	  The	  disease	  claimed	  many	  farms	  and	  “resulted	  in	  
losses	  of	  £3.1	  billion	  to	  agriculture	  and	  the	  food	  chain”	  (DEFRA	  2004).	  The	  SWT	  were	  worried	  about	  
increasing	  the	  risk	  of	  diseases	  by	  having	  more	  foot	  traffic	  in	  certain	  areas	  of	  the	  South	  Downs.	  Public	  
liability	  issues	  were	  discussed:	  how,	  in	  an	  open	  world	  of	  product	  creation,	  can	  charities	  create	  a	  
product	  that	  puts	  its	  users	  in	  a	  foreign	  environment	  yet	  not	  place	  liability	  upon	  the	  organisation	  
itself?	  This	  concern	  was	  discussed	  at	  length	  and	  it	  was	  determined	  that	  the	  organisation	  would	  have	  
to	  seek	  legal	  advice	  or	  be	  extremely	  careful	  of	  the	  precedent	  that	  it	  sets	  with	  its	  members.	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6.25 OD/CS	  Toolkit	  Results:	  SWT,	  Storyboard	  
One	  product	  storyline	  was	  created	  from	  the	  SWT	  workshop:	  a	  storyboard	  for	  intelligent	  
environments	  that	  children	  could	  create	  to	  encourage	  and	  monitor	  slowworms	  in	  their	  back	  garden	  
(Figure	  200).	  The	  SWT	  were	  not	  just	  interested	  in	  asking	  research	  or	  Citizen	  Science	  questions	  as	  
intended,	  but	  creating	  an	  open	  process	  of	  data	  gathering	  to	  engage	  new	  diverse	  audiences.	  
	  
Figure	  200,	  Storyboard	  created	  by	  Sussex	  Wildlife	  Trust	  during	  workshop	  
6.26 OD/CS	  Toolkit	  Results:	  Sussex	  Wildlife	  Trust’s	  Feedback	  on	  the	  Toolkit	  
The	  toolkit	  enabled	  the	  Sussex	  Wildlife	  participants	  to	  have	  a	  discussion	  around	  an	  up	  and	  coming	  
phenomenon	  (Open	  Design),	  extending	  their	  knowledge	  of	  design	  opportunities.	  The	  feedback	  on	  
the	  toolkit	  was	  given	  verbally,	  specifically	  because	  it	  required	  facilitation	  by	  a	  toolkit	  expert	  
responding	  to	  participants’	  thinking	  in	  order	  to	  yield	  positive	  results.	  The	  feedback	  and	  discussion	  
showed	  that	  there	  are	  contextual	  challenges	  to	  each	  scenario	  where	  Open	  Design	  and	  Citizen	  
Science	  are	  combined.	  The	  toolkit	  was	  easy	  for	  SWT	  participants	  to	  follow	  and	  provoked	  a	  good	  
discussion	  on	  how	  they	  could	  use	  Open	  Design	  to	  implement	  Citizen	  Science.	  	  
6.27 OD/CS	  Toolkit	  Results:	  Cornell	  Laboratory	  of	  Ornithology	  (CLO)	  
The	  two	  CLO	  groups	  applied	  the	  toolkit	  to	  existing	  projects	  they	  already	  run,	  reviewing	  how	  they	  
could	  use	  Open	  Design	  to	  nurture	  new	  audiences	  and	  wider	  engagement	  (Figure	  201).	  Initial	  
discussions	  stated	  that	  the	  CLO	  would	  ‘open’	  all	  of	  their	  processes	  if	  they	  could	  guarantee	  quality	  
control	  of	  the	  products	  that	  volunteer	  participants	  assembled	  or	  adapted.	  	  
	  
Figure	  201,	  Cornell	  Laboratory	  of	  Ornithology	  workshop	  and	  card	  sorting	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6.28 OD/CS	  Toolkit	  Results:	  CLO,	  Scenario	  (The	  Situation	  for	  Monitoring)	  
The	  scenario	  toolkit	  cards	  highlighted	  the	  CLO’s	  interest	  in	  using	  participants’	  existing	  hobbies	  or	  
activities	  to	  facilitate	  future	  projects.	  For	  example,	  returning	  to	  fishing,	  anglers	  could	  gather	  water	  
samples	  for	  scientific	  use	  and	  thereby	  protect	  their	  favourite	  spots;	  this	  presents	  ‘mutual	  gain	  and	  
reciprocity’	  for	  the	  environment	  that	  they	  are	  in.	  Whilst	  this	  topic	  was	  discussed	  with	  workshop	  
parties	  as	  being	  ‘on	  the	  fringes	  of	  Citizen	  Science’,	  this	  process	  is	  also	  an	  opportunity	  to	  connect	  an	  
approach	  with	  an	  opportunity,	  and	  communities	  with	  a	  solution.	  These	  preservation	  solutions	  could	  
be	  mutually	  beneficial	  to	  the	  environment	  and	  the	  people	  that	  live	  within	  it.	  
6.29 OD/CS	  Toolkit	  Results:	  CLO,	  Technology	  (Monitoring	  Technologies	  That	  Could	  be	  Used)	  	  
The	  CLO	  were	  interested	  in	  technology	  that	  participants	  already	  had,	  even	  though	  they	  saw	  the	  
potential	  of	  users	  creating	  their	  own	  monitoring	  kits.	  Workshop	  participants	  were	  more	  interested	  in	  
how	  they	  would	  ‘open’	  their	  existing	  practices	  for	  other	  people	  to	  replicate.	  The	  participants	  were	  
familiar	  with	  maker	  spaces	  and	  were	  interested	  in	  developing	  repeatable	  technologies	  that	  
participants	  could	  fabricate	  and	  deploy.	  
6.30 OD/CS	  Toolkit	  Results:	  CLO,	  Method	  (the	  Process	  in	  which	  the	  Device	  is	  Used)	  
The	  CLO	  identified	  that	  the	  method	  and	  scenario	  for	  monitoring	  were	  identical	  and	  did	  not	  consider	  
them	  as	  separate	  elements.	  
6.31 OD/CS	  Toolkit	  Results:	  CLO,	  Output	  (from	  the	  Device)	  	  
During	  the	  output	  section	  of	  the	  toolkit,	  a	  discussion	  of	  output	  quality	  control	  was	  instigated	  by	  the	  
CLO	  workshop	  group.	  In	  discussion,	  the	  CLO	  thought	  that	  local	  ‘fab	  labs’	  or	  maker	  spaces	  could	  
provide	  verification	  processes	  for	  Openly	  Designed	  and	  assembled	  sensing	  devices.	  Using	  a	  local	  
fabrication	  or	  maker	  space	  could	  remove	  skill	  elements	  but	  it	  should	  be	  seen	  as	  a	  verification	  
process,	  not	  a	  process	  for	  cheap	  assembly	  labour.	  The	  validation	  of	  a	  process	  or	  production	  route	  
could	  be	  the	  USP	  of	  that	  particular	  company/fab	  lab	  (over	  a	  home	  user).	  It	  could	  result	  in	  fab	  labs	  
not	  just	  providing	  construction	  files	  or	  equipment,	  but	  validating	  user	  created	  outputs	  or	  products	  
for	  other	  organisations.	  It	  was	  discussed	  that	  this	  validation	  procedure	  could	  be	  a	  service	  contract	  
that	  the	  project	  could	  hold	  with	  different	  maker	  spaces,	  increasing	  a	  project’s	  reach.	  	  	  
6.32 OD/CS	  Toolkit	  Results:	  CLO,	  People	  (Participants	  Involved	  in	  Activity)	  
The	  CLO	  workshop	  group	  wanted	  to	  appeal	  to	  everyone	  within	  the	  people	  toolkit	  section,	  not	  
wishing	  to	  specify.	  
6.33 OD/CS	  Toolkit	  Results:	  CLO,	  What	  is	  Success?	  (The	  Positive	  Intention	  of	  the	  Device)	  
The	  ‘what	  is	  success’	  toolkit	  section	  was	  ignored	  by	  the	  CLO	  workshop	  group.	  
6.34 OD/CS	  Toolkit	  Results:	  CLO,	  Funding	  (How	  this	  Venture	  Might	  be	  Financed)	  
The	  CLO	  workshop	  group	  did	  not	  explore	  retailing	  proposal	  elements	  and	  only	  considered	  
conventional	  academic	  funding	  already	  in	  place.	  	  
6.35 OD/CS	  Toolkit	  Results:	  CLO,	  Challenges	  (Potential	  Issues	  that	  CS/OD	  Projects	  Could	  Have	  
Within	  Them)	  	  
The	  consensus	  of	  the	  CLO’s	  workshop	  challenges	  discussions	  was	  that,	  even	  though	  the	  “3D	  printing	  
of	  electronics”	  (Leigh,	  Bradley	  et	  al.	  2012)	  is	  becoming	  viable,	  Open	  Design	  products	  for	  Citizen	  
Science	  would	  be	  effective	  as	  ‘a	  kit	  of	  parts’,	  using	  conventional	  and	  digitally	  manufactured	  
components.	  The	  workshop	  discussions	  raised	  the	  following	  questions:	  1)	  what	  motivations	  are	  
required	  for	  users	  to	  assemble/construct	  products	  to	  participate	  in	  Citizen	  Science	  activities?	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Conventionally,	  these	  have	  been	  “educational”	  or	  within	  users’	  belief	  in	  the	  ‘ideal’	  of	  the	  project	  
(Nov,	  Arazy	  et	  al.	  2011,	  2)	  what	  is	  the	  required	  bridge	  for	  appropriate	  technologies	  to	  be	  constructed	  
by	  the	  layperson?	  	  
This	  ‘bridge’	  is	  currently	  being	  explored	  in	  3D	  printing	  by	  Autodesk	  (www.autodesk.co.uk)	  and	  their	  
“creature	  creator	  app”	  (Autodesk	  123D	  2013).	  The	  app	  creates	  parameters	  for	  lay	  users	  to	  change	  
diameters	  and	  forms.	  These	  simple	  software	  applications	  could	  be	  designed	  and	  deployed	  to	  
compliment	  more	  complex	  digital	  technologies;	  for	  example,	  monitoring	  devices.	  These	  applications	  
were	  shown	  to	  the	  workshop	  participants	  as	  the	  discussion	  developed.	  3)	  What	  is	  the	  data	  
consistency	  and	  rigour	  provided	  from	  construction	  kits?	  This	  would	  need	  to	  be	  explored	  in	  more	  
depth	  as	  this	  depends	  on	  the	  nature	  of	  the	  project	  and	  its	  intention(s).	  4)	  What	  consistency	  or	  
quality	  control	  procedures	  need	  to	  be	  in	  place	  to	  help	  validate	  the	  users’	  construction	  back	  to	  the	  
agency	  or	  organisation	  that	  is	  exploring	  Open	  Design	  and	  Citizen	  Science	  relationship?	  
6.36 OD/CS	  Toolkit	  Results:	  CLO,	  Storyboard	  
The	  workshop	  CLO	  group	  did	  not	  complete	  a	  storyboard,	  or	  a	  specific	  scenario.	  
6.37 OD/CS	  Toolkit	  Results:	  CLO’s,	  Feedback	  on	  the	  Toolkit	  
The	  CLO	  workshop	  participants	  found	  that	  the	  toolkit	  helped	  them	  question	  if	  they	  wanted	  to	  ‘Open’	  
Citizen	  Science	  projects	  and,	  more	  importantly,	  the	  challenges	  involved	  with	  doing	  that	  raised	  by	  the	  
challenge’s	  toolkit	  cards.	  The	  workshop	  group	  was	  not	  interested	  in	  the	  elements	  of	  funding	  or	  
specific	  demographics	  as	  they	  wanted	  to	  apply	  to	  as	  many	  participants	  as	  possible.	  The	  workshop	  
participants	  found	  the	  toolkit	  easy	  to	  follow	  but	  found	  that	  there	  were	  almost	  too	  many	  elements	  to	  
consider.	  They	  did	  discuss	  that,	  for	  a	  charity	  or	  organisation	  that	  is	  new	  to	  Citizen	  Science,	  the	  toolkit	  
could	  help	  develop	  initial	  discussions.	  
6.38 	  Toolkit	  Results:	  What	  Information	  and	  Participant	  Insights	  are	  Required	  to	  Successfully	  
Frame	  an	  Open	  Design/Citizen	  Science	  Project?	  
6.39 OD/CS	  toolkit	  Results:	  Sussex	  Wildlife	  Trust	  (SWT)	  
The	  following	  insights	  highlight	  areas	  that	  should	  be	  considered	  when	  using	  the	  combination	  of	  
Open	  Design	  and	  Citizen	  Science	  highlighted	  by	  the	  workshop.	  Devices	  or	  Citizen	  Science	  proposals	  
should	  ensure	  a	  tolerance	  or	  use	  a	  process	  to	  self-­‐validate	  that	  the	  data	  that	  it	  is	  gathering	  is	  
accurate.	  Open	  Design	  and	  Citizen	  Science	  could	  build	  relationships	  with	  schools,	  providing	  
resources	  and	  equipment	  at	  a	  lower	  price	  point	  than	  assembled	  technologies.	  School	  classes	  could	  
gather	  data,	  presenting	  opportunities	  for	  cross-­‐curricular	  learning.	  Cross-­‐curricular	  learning	  could	  
translate	  as	  information	  technology	  lessons	  offering	  the	  means	  to	  build	  pervasive	  computing	  
equipment	  and	  science	  lessons	  then	  providing	  analysis	  of	  equipment’s	  accrued	  data.	  This	  school	  
approach	  could	  encourage	  ‘data	  pen	  pals’	  for	  school	  children	  to	  exchange	  data	  and	  local	  wildlife	  
information	  internationally.	  
The	  main	  result	  from	  the	  SWT	  workshop	  was	  facilitating	  new	  opportunities	  for	  technology	  use	  
within	  charities,	  resulting	  in	  new	  business	  models	  that	  they	  can	  explore	  for	  public	  engagement.	  The	  
result	  of	  the	  OD/CS	  relationship	  could	  result	  in	  more	  public	  education	  and	  the	  relevance	  of	  people	  
being	  able	  to	  see	  the	  wider	  picture	  of	  their	  actions.	  The	  SWT	  were	  concerned	  about	  people	  over	  
handling	  wildlife	  (if	  proposals	  were	  fully	  open	  to	  public),	  so	  careful	  considerations	  are	  required.	  The	  
SWT	  were	  continually	  worried	  about	  the	  negative	  aspects,	  i.e.	  the	  spread	  of	  disease,	  that	  this	  sort	  of	  
activity	  could	  increase.	  Protocols	  to	  remove	  this	  fear	  would	  need	  to	  be	  rigorously	  considered.	  The	  
SWT	  did	  identify	  that	  CS/OD	  opens	  an	  alternative	  opportunity	  for	  a	  charitable	  donation,	  i.e.	  users	  
donating	  data	  rather	  than	  purely	  finances.	  This	  relationship	  could	  also	  help	  families	  to	  explore	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outdoor	  spaces	  together,	  encouraging	  outdoor	  activity.	  It	  became	  clear	  that	  SWT	  wanted	  to	  build	  
Citizen	  Science	  activities	  within	  hobbies,	  enhancing	  experiences	  without	  having	  to	  incentivise	  or	  
motivate	  participants.	  The	  last	  salient	  point	  was	  selecting	  nature	  topics	  where	  users	  can	  see	  no	  
monitoring	  change;	  for	  example,	  the	  infrequent	  sightings	  of	  rare	  species	  might	  be	  demotivating	  for	  
participants.	  The	  SWT	  did	  discuss	  that	  they	  did	  not	  have	  the	  in-­‐house	  expertise	  to	  help	  create	  digital	  
devices	  or	  provide	  lessons,	  so	  either	  a	  local	  designer,	  technology	  distributor	  or	  commercial	  
organisation	  would	  have	  to	  distribute	  them.	  	  
6.40 OD/CS	  Toolkit	  Results:	  Cornell	  Laboratory	  of	  Ornithology	  (CLO)	  
CLO	  was	  also	  interested	  in	  nurturing	  new	  audiences	  to	  Citizen	  Science	  and	  enhancing	  school	  
technology	  lessons.	  They	  were	  interested	  in	  understanding	  mutual	  motivation,	  why	  people	  make	  
devices	  and	  why	  they	  participate	  in	  Citizen	  Science	  activities.	  CLO	  participants	  were	  worried	  about	  
the	  effect	  of	  elements	  that	  are	  opened	  and	  the	  detrimental	  effects	  that	  this	  can	  have.	  They	  were	  
concerned	  about	  people	  handling	  things	  that	  they	  did	  not	  fully	  understand,	  causing	  problems.	  For	  
example,	  within	  the	  CLO’s	  nature	  reserve,	  there	  is	  an	  abundance	  of	  poison	  ivy.	  Poison	  ivy	  is	  not	  
familiar	  to	  international	  tourists	  visiting	  parts	  of	  the	  United	  States	  and	  can	  cause	  severe	  skin	  
irritation	  to	  those	  who	  come	  into	  contact	  with	  it.	  The	  oils	  excreted	  by	  the	  ivy	  can	  remain	  on	  clothes	  
for	  some	  time,	  causing	  more	  problems.	  The	  CLO	  highlighted	  that	  participants	  in	  such	  activities	  not	  
only	  need	  to	  be	  briefed	  on	  how	  to	  monitor	  and	  what	  not	  to	  handle,	  but	  also	  need	  to	  be	  aware	  of	  the	  
wider	  environment	  within	  which	  the	  monitored	  article	  is	  located.	  The	  CLO	  understood	  that	  a	  bridge	  
between	  appropriate	  technologies	  to	  laypeople	  would	  require	  building.	  If	  that	  was	  facilitated	  by	  
maker	  spaces	  or	  organisations	  a	  series	  of	  quality	  filters	  and	  protocols	  would	  need	  to	  be	  created	  and	  
tested.	  The	  discussion	  did	  not	  conclude	  whether	  ‘accrued	  data’	  or	  ‘public	  education’	  is	  more	  
important	  than	  the	  other.	  Even	  though	  they	  are	  usually	  combined,	  OD/CS	  projects	  could	  have	  a	  
softer	  focus	  and	  train	  participants	  for	  further	  different	  activities.	  
6.41 OD/CS	  Toolkit	  Results:	  Summary	  
The	  CS/OD	  toolkit	  questioned	  the	  wider	  picture	  of	  Citizen	  Science	  and	  not	  just	  ‘what	  people	  would	  
monitor’	  but	  also	  the	  very	  practice	  and	  execution	  of	  projects.	  The	  workshop	  demonstrated	  that	  the	  
combination	  of	  Open	  Design	  and	  Citizen	  Science	  can	  lead	  to	  complex	  challenges.	  These	  challenges	  
require	  a	  case	  by	  case	  determination,	  evaluating	  the	  surroundings	  and	  the	  wider	  connotations	  that	  
accompany	  the	  item(s)	  being	  monitored.	  The	  toolkit	  presented	  repeatable	  challenges	  of	  disease	  
control,	  repeatability	  in	  construction,	  the	  handling	  of	  wildlife,	  being	  interested	  despite	  lack	  of	  
activity,	  liability	  of	  use,	  verification	  of	  creation,	  protocols	  for	  quality	  control	  and	  motivation,	  which	  
combining	  Citizen	  Science	  and	  Open	  Design	  would	  need	  to	  overcome	  within	  the	  Bee	  Lab	  Kit.	  The	  
workshop	  also	  yielded	  opportunities	  for	  further	  work	  into	  more	  connected	  learning.	  	  
Both	  workshops	  primarily	  yielded	  the	  negative	  results	  of	  including	  members	  of	  the	  public	  in	  CS	  
activities	  that	  might	  directly	  impact	  on	  wildlife	  or	  its	  surroundings.	  The	  workshops	  highlighted	  the	  
accessibility	  of	  the	  monitoring	  task	  that	  lay	  users	  were	  undertaking,	  the	  frequency	  of	  sightings	  and	  
the	  activities’	  alignment	  to	  motivate	  users	  to	  participate.	  The	  motivations	  of	  the	  organisational	  
stakeholders	  in	  the	  workshop	  demonstrated	  that	  ‘public	  engagement’	  was	  worth	  more	  than	  just	  
data	  results	  from	  CS	  activities.	  Organisations	  could	  also	  align	  their	  agendas	  with	  participating	  
individuals’	  activities,	  providing	  the	  motivation	  for	  participation.	  The	  information	  that	  the	  individual	  
gathers	  might	  be	  presented	  differently	  to	  them,	  as	  an	  individual	  providing	  information	  that	  is	  
pertinent	  for	  them.	  The	  workshop	  informed	  removing	  over	  detailed	  locational	  information	  from	  the	  
Bee	  Lab	  Kit	  so	  that	  participants	  could	  not	  be	  targeted	  for	  vandalism	  or	  theft.	  The	  workshops	  also	  
highlighted	  the	  need	  for	  data	  findings	  to	  pass	  through	  an	  organisational	  filter,	  approving	  and	  
discounting	  negative	  data	  to	  avoid	  miss-­‐representation	  of	  findings.	  Finally,	  the	  OD/CS	  toolkit	  
demonstrated	  the	  importance	  of	  engaging	  families	  and	  young	  individuals	  with	  age-­‐specific	  content,	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motivating	  them	  to	  explore	  surroundings.	  The	  creation	  of	  technologies	  can	  extend	  the	  organisations	  
reach,	  possibly	  highlighting	  areas	  that	  are	  worth	  future	  funding	  or	  investigation.	  	  
Chapter	  6	  Summary	  
Chapter	  6	  identifies	  the	  need	  for	  continuous	  transparent	  validation	  procedures,	  so	  organisations	  
trust	  the	  data/information	  compiled	  by	  end	  users.	  The	  process	  highlighted	  the	  need	  for	  an	  ‘Open	  
Design	  /	  Citizen	  Science	  model’.	  The	  toolkit	  workshops	  also	  highlighted	  the	  importance	  of	  reviewing	  
audience(s)	  data	  use	  requiring	  a	  holistic	  approach,	  rather	  than	  solely	  centring	  on	  specific	  users.	  The	  
toolkit	  workshops	  also	  identified	  monetary	  value	  options	  for	  Citizen	  Science	  data	  in	  alternate	  
domains.	  Accrued	  Citizen	  Science	  data	  holds	  value	  for	  local/global	  comparison	  or	  aggregation.	  
Chapter	  6	  Reflection	  
This	  holistic	  ‘model’	  approach	  should	  have	  been	  conducted	  earlier	  in	  the	  project.	  The	  problem	  was	  
that	  the	  pertinent	  insights	  had	  not	  been	  created,	  compiled	  or	  accessibly	  documented	  elsewhere,	  
which	  led	  to	  the	  delay	  and	  new	  knowledge.	  The	  Open	  Design	  /	  Citizen	  Science	  Toolkit	  highlighted	  
the	  need	  to	  engage	  wider	  organisations	  as	  it	  reframed	  the	  importance	  of	  looking	  holistically	  at	  these	  
types	  of	  activities.	  The	  most	  important	  section	  of	  the	  OD/CS	  toolkit	  was	  ascertaining	  ‘what	  success	  
looks	  like’	  for	  stakeholders.	  Identifying	  success	  from	  the	  stakeholders’	  perspectives	  enables	  the	  
alignment	  of	  further	  digital	  and	  physical	  outputs,	  which	  might	  acompany	  lay	  users’	  intentions.	  The	  
stakeholders	  involved	  in	  the	  toolkit	  workshops	  were	  not	  solely	  interested	  in	  gathering	  data	  but	  were	  
more	  motivated	  by	  public	  education	  and	  research	  impact.	  The	  stakeholders	  were	  more	  interested	  in	  
involving	  schools	  programmes	  and	  communities	  outside	  conventional	  Citizen	  Science	  practice.	  The	  
toolkit	  should	  have	  been	  tested	  without	  the	  author	  to	  critically	  appraise	  its	  success	  and	  understand	  
any	  translation	  or	  implementation	  issues.	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Chapter	  7,	  Understanding	  the	  Motivations	  of	  CS	  Stakeholders;	  the	  Motivations	  of	  Beekeepers	  and	  CS	  
Stakeholders	  Informed	  the	  Design	  of	  the	  Bee	  Lab	  Kit	  
Study	  5,	  Bee	  Lab	  Hackathon	  (If	  Beekeepers	  Could	  Monitor	  environmental	  data	  related	  to	  the	  practice	  
of	  keeping	  bees,	  would	  they	  be	  interested	  and	  what	  would	  they	  want	  to	  know?)	  
The	  Bee	  Lab	  Hackathon	  has	  been	  peer	  reviewed	  and	  published	  at	  the	  Computer	  Human	  
Interaction	  (CHI)	  Toronto	  conference	  2014	  entitled:	  Testing	  a	  Grassroots	  Citizen	  Science	  
Venture	  Using	  Open	  Design,	  “the	  Bee	  Lab	  Project”	  (Phillips,	  R.,	  Blum,	  J.,	  Brown,	  M.	  &	  Baurley,	  
S	  2014).	  This	  publication	  can	  be	  found	  in	  appendix	  (J).	  
Chapter	  7	  Introduction	  
The	  following	  chapter	  identifies	  the	  motivations	  of	  beekeepers	  and	  Citizen	  Science	  stakeholders,	  
within	  the	  context	  of	  the	  Bee	  Lab	  project.	  Chapter	  7	  uses	  and	  builds	  on	  all	  of	  the	  work	  collated	  so	  far	  
and	  tests	  the	  development,	  assembly	  and	  deployment	  of	  the	  Bee	  Lab	  electronics	  kit.	  Chapter	  7	  uses	  
live	  assembly,	  review	  and	  deployment	  with	  real	  users	  recruited	  from	  online	  community	  media.	  A	  
Hackathon	  is	  used	  to	  test	  how	  people	  assembled	  the	  Bee	  Lab	  kits,	  witnessing	  the	  stumbling	  blocks	  to	  
review	  the	  process.	  The	  intention	  is	  to	  model	  how	  the	  Open	  Design	  /	  Citizen	  Science	  process	  should	  
be	  repeated,	  based	  on	  live	  feedback	  and	  testing.	  
7.1 Bee	  Lab	  Hackathon	  Method:	  The	  Design	  of	  the	  Bee	  Lab	  Kit	  
The	  design	  of	  the	  Bee	  Lab	  kit	  was	  influenced	  by	  the	  previous	  work	  of	  the	  ethnography	  study	  where	  
participants	  tried	  to	  document	  sound	  recordings	  and	  amalgamated	  with	  the	  measurands	  from	  the	  
beekeepers	  poster	  workshop	  that	  were	  tangible	  and	  cost	  effective	  to	  produce.	  The	  device	  needed	  to	  
be	  cost	  effective	  and	  required	  the	  simple	  deployment	  within	  the	  hive.	  Within	  the	  ethnography	  study	  
the	  participants	  had	  already	  shown	  a	  keen	  interest	  to	  monitor	  and	  a	  capability	  to	  make	  and	  
assemble	  tools,	  this	  demonstrated	  the	  capabilities	  of	  the	  users.	  The	  poster	  workshop	  and	  probe	  2	  
highlighted	  the	  key	  measurands	  for	  monitoring	  were:	  weight,	  temperature,	  humidity,	  feeder	  weight,	  
CO2	  and	  acoustic	  recording.	  The	  OD/CS	  toolkit	  highlighted	  the	  wider	  considerations	  and	  negative	  
impacts	  that	  complete	  free	  sharing	  of	  accrued	  data	  can	  have	  and	  that	  the	  same	  data	  can	  satisfy	  both	  
the	  individual’s	  needs	  and	  a	  wider	  organisation.	  The	  literature,	  whilst	  demonstrating	  the	  free	  sharing	  
of	  design	  information	  as	  Open	  Design,	  did	  not	  enable	  participants	  with	  lay	  user	  knowledge	  to	  
contribute	  to	  OD/CS	  proposals.	  The	  Bee	  Lab	  kits	  were	  developed	  in	  laboratory	  surroundings	  but	  
required	  testing	  with	  live	  users	  in	  the	  field.	  
7.2 Bee	  Lab	  Hackathon	  Method:	  Objective	  
Previous	  work	  (ethnography,	  beekeepers’	  poster	  workshop,	  probe	  2)	  helped	  define	  the	  territory	  of	  
what	  beekeepers	  would	  monitor	  for	  personal	  use	  and	  what	  wider	  community	  information	  they	  
would	  be	  interested	  in	  (Phillips.	  R	  et	  al.	  2013).	  The	  Bee	  Lab	  Hackathons	  objective	  was	  to	  validate	  
earlier	  findings	  that	  monitored:	  hive	  weight,	  feeder	  weight,	  internal	  temperature	  and	  humidity	  -­‐	  
important	  metrics	  for	  participants.	  The	  metrics	  were	  supported	  and	  validated	  by	  the	  poster	  
workshop	  (Phillips.	  R	  et	  al.	  2013).	  The	  Hackathon	  objective	  was	  to	  test	  first-­‐hand	  the	  viability	  and	  
tangibility	  of	  users	  assembling	  their	  own	  bee	  hive	  monitoring	  devices.	  The	  Bee	  Lab	  kits	  were	  
evaluated	  via	  feedback	  forms	  and	  verbal	  discussion	  accompanied	  by	  researcher	  and	  technician	  
observation(s).	  The	  Hackathon	  also	  wanted	  to	  determine	  if	  individual	  beekeepers	  who	  were	  
capturing	  data	  for	  their	  own	  use	  would	  be	  prepared	  to	  donate	  their	  data	  to	  support	  wider	  
community	  causes.	  The	  Bee	  Lab	  kits	  were	  produced	  in	  collaboration	  with	  project	  partners	  
Technology	  Will	  Save	  Us	  (www.technologywillsaveus.org)	  and	  Horizon	  Digital	  Economy	  
(www.horizon.ac.uk).	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The	  Hackathon	  specifically	  explored	  the	  Bee	  Lab	  kit’s	  assembly	  procedures,	  instructional	  content,	  
and	  attempted	  to	  confirm	  whether	  the	  product	  and	  process	  are	  viable.	  The	  Hackathon	  also	  wanted	  
to	  explore	  a	  user’s	  perspective	  of	  assembling	  the	  technology.	  The	  event	  explored	  the	  sticking	  points	  
of:	  users’	  technical	  assembly	  level,	  user	  assembly	  validation	  and	  deployment	  scenarios/possible	  
problems.	  These	  sticking	  points	  were	  explored	  by	  engaging	  a	  group	  of	  active	  amateur	  beekeepers	  to	  
construct	  and	  evaluate	  the	  prototype	  electronics	  kits.	  The	  Bee	  Lab	  Hackathon	  enabled	  researchers	  
to	  witness	  challenges	  and	  opportunities	  first	  hand,	  dealing	  with	  complications	  on	  the	  fly,	  removing	  
ambiguity	  from	  users’	  feedback.	  	  
7.3 Bee	  Lab	  Hackathon:	  Methodological	  Limitations	  
Due	  to	  the	  cost	  of	  technical	  staffing	  and	  equipment,	  the	  Hackathon	  was	  run	  on	  just	  one	  occasion	  in	  a	  
central	  London	  location.	  	  
7.4 Bee	  Lab	  Hackathon	  Method:	  Study	  Group	  
The	  study	  group	  self-­‐selected	  to	  participate.	  The	  study	  group	  were	  BBKA	  members.	  The	  group	  had	  
never	  met	  each	  other	  and	  ranged	  in	  demographic	  from	  18-­‐80,	  both	  male	  and	  female.	  Five	  of	  the	  
participants	  had	  travelled	  to	  the	  London	  location,	  the	  others	  resided	  in	  London.	  	  
7.5 Bee	  Lab	  Hackathon	  Method:	  What	  is	  the	  Bee	  Lab	  Kit?	  
The	  Bee	  Lab	  Kit	  builds	  on	  Citizen	  Science	  and	  Open	  Design	  practices,	  creating	  technological	  sensing	  
kits	  that	  amateurs	  can	  assemble	  from	  accessible	  components.	  The	  kits	  are	  used	  to	  build	  a	  picture	  of	  
bee	  health	  from	  project	  participants	  located	  around	  the	  United	  Kingdom.	  The	  Bee	  Lab	  Kit	  brings	  
together	  previous	  workshop	  project	  partners:	  The	  British	  Beekeepers	  Association	  
(www.bbka.org.uk);	  Wolff	  Olins’	  social	  innovation,	  the	  Honey	  Club;	  (www.honeyclub.org),	  Horizon	  
Digital	  Economy	  Research	  Institute	  (www.horizon.ac.uk),	  and	  Technology	  will	  Save	  Us	  (TWSU)	  
(www.technologywillsaveus.org),	  a	  “haberdashery	  for	  technology	  and	  education,	  dedicated	  to	  
helping	  people	  to	  produce	  and	  not	  just	  consume	  technology”	  (Technology	  Will	  Save	  Us	  2013a).	  	  
	  
Technology	  Will	  Save	  Us	  (TWSU)	  has	  experience	  in	  technology-­‐assisted	  workshops,	  including	  self-­‐
assembly,	  Open	  Source	  and	  DIY	  communities.	  Horizon	  Digital	  Economy	  Research	  Institute	  is	  a	  data	  
handling	  partner	  researching	  the	  “digital	  economy”	  and	  the	  subsequent	  value	  placed	  upon	  data	  and	  
digital	  commodities	  (Chamberlain,	  Davies	  et	  al.	  2012,	  2).	  The	  respective	  partners	  used	  their	  
expertise	  to	  aid	  the	  delivery	  of	  the	  workshop,	  the	  recruitment	  of	  participants	  and	  project	  validation.	  	  
	  
The	  intention	  of	  the	  Bee	  Lab	  Kit	  is	  to	  meet	  amateur	  beekeepers’	  needs.	  It	  seeks	  to	  translate	  salient	  
gathered	  insights	  into	  an	  electronics	  kit,	  open	  the	  access	  to	  constructing	  this	  kit,	  develop	  the	  kit	  via	  
real	  users	  and,	  finally,	  harvest	  data	  (Figure	  202).	  The	  intention	  is	  to	  determine	  whether	  individual	  
participants,	  monitoring	  their	  own	  hives,	  would	  donate	  their	  data	  towards	  wider	  community	  findings	  
and,	  in	  turn,	  be	  interested	  in	  their	  neighbours’	  live	  beehive	  data.	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Figure	  202,	  The	  scenario	  of	  use	  for	  the	  Bee	  Lab	  Kit	  
7.6 Bee	  Lab	  Hackathon	  Method:	  Preparation	  	  
The	  Bee	  Lab	  Hackathon	  drew	  methodological	  lessons	  from	  Mellis	  et	  al	  and	  Massachusetts	  Institute	  
of	  Technology’s	  Fab	  FM:	  the	  Design,	  Making,	  and	  Modification	  of	  an	  Open-­‐Source	  Electronic	  Product	  
(Mellis,	  G	  et	  al.	  2011).	  In	  the	  ‘Fab	  FM’	  project,	  Mellis	  et	  al	  designed	  a	  radio	  that	  took	  “advantage	  of	  
the	  production	  processes	  allowed	  by	  digital	  manufacture”	  (Mellis,	  G	  et	  al.	  2011,	  84).	  The	  ‘Fab	  FM’	  
workshop,	  situated	  in	  their	  fablab,	  helped	  participants	  to	  design,	  assemble	  and	  adapt	  their	  kits.	  The	  
Fab	  FM	  project	  presented	  new	  business	  models	  to	  sell	  products	  as	  kits	  that	  “should	  be	  scaleable	  to	  
100s	  or	  possibly	  1000s”	  (Mellis,	  G	  et	  al.	  2011,	  84).	  For	  the	  Bee	  Lab	  Hackathon,	  it	  was	  important	  to	  
pre-­‐design	  a	  set	  of	  components	  and	  processes	  that	  would	  work	  with	  reduced	  technical	  knowledge,	  
drawing	  inspiration	  from	  Mellis	  et	  al’s	  assemble	  ‘on	  site’,	  gauging	  competency	  (Mellis,	  G	  et	  al.	  2011,	  
84).	  Mellis	  et	  al’s	  methodologies	  considered	  the	  design,	  repair	  and	  distribution	  of	  parts	  they	  used,	  so	  
that	  third	  parties	  could	  assemble	  their	  product.	  These	  strong	  values	  underpin	  the	  Bee	  Lab	  Kit.	  
Process	  flow	  diagrams	  were	  created	  for	  each	  electronic	  process	  in	  the	  Bee	  Lab	  Kit	  so	  non-­‐technical	  
partners	  could	  evaluate	  functionality	  during	  TWSU’s	  development	  phase.	  
	  
The	  Bee	  Lab	  Hackathon	  had	  a	  common	  challenge,	  as	  hackathons	  conventionally	  have,	  but	  took	  the	  
role	  of	  guiding	  participants	  through	  product	  assembly,	  similar	  to	  Mellis	  et	  al’s	  Fab	  FM	  project.	  A	  
totally	  open	  Hackathon	  could	  have	  been	  too	  broad	  in	  trying	  to	  accommodate	  too	  many	  personal	  
agendas.	  The	  objective	  of	  the	  Bee	  Lab	  Hackathon	  was	  to	  gauge	  interest	  in	  the	  kit,	  test	  assembly	  
procedures,	  verify	  the	  deployment	  and	  placement	  of	  the	  kit	  and	  discuss	  any	  fears	  or	  anxieties	  the	  
participants	  might	  have	  in	  placing	  technology	  within	  their	  bee	  hives.	  In	  addition,	  the	  aim	  was	  to	  
understand	  prospective	  users’	  opinions,	  motivations	  and	  rewards	  for	  participating	  in	  Citizen	  Science	  
and	  Open	  Design	  activities.	  
	  
Testing	  kit	  assembly	  enables	  “users	  and	  clients	  to	  gain	  first-­‐hand	  appreciation	  of	  existing	  or	  future	  
conditions”	  (Buchenau,	  Suri	  2000,	  1).	  Live	  assembly	  testing	  with	  users	  for	  the	  Bee	  Lab	  Hackathon	  
was	  appropriate	  as	  it	  could	  provide	  first-­‐hand	  critique	  from	  beekeeping	  participants.	  The	  Bee	  Lab	  
Hackathon	  placed	  participants	  in	  groups	  to	  assemble	  their	  kits	  together,	  not	  only	  learning	  from	  each	  
other,	  but	  bringing	  a	  social	  aspect	  to	  the	  day.	  The	  working	  prototype	  was	  developed	  using	  the	  
Arduino	  (www.arduino.cc)	  coding	  platform	  and	  required	  translation	  into	  fewer	  components	  to	  ease	  
the	  construction	  process	  for	  the	  lay	  user	  (Figure	  200).	  The	  main	  considerations	  for	  the	  kit	  were	  the	  
functionality	  of	  the	  assembled	  article	  and	  the	  cost	  of	  the	  overall	  components.	  This	  was	  continually	  
balanced	  because,	  if	  the	  functionality	  of	  the	  kit	  became	  complex,	  the	  cost	  would	  increase.	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Figure	  203,	  Arduino	  development	  prototypes	  (created	  by	  TWSU)	  validating	  the	  kits	  functionality	  
7.7 Bee	  Lab	  Hackathon	  Method:	  The	  Design	  Considerations	  of	  the	  Bee	  Lab	  kit	  (V1)	  
The	  locality	  and	  decentralisation	  of	  design	  and	  assembly	  processes	  enhances	  the	  user’s	  capabilities	  
to	  respond	  to	  his	  own	  needs.	  The	  concept	  ‘local	  assembly	  and	  manufacture’	  is	  supported	  by	  Make	  
Magazine’s	  (www.makezine.com)	  “Makers’	  Bill	  of	  Rights”,	  suggesting	  appropriate	  terms	  for	  product	  
ownership	  and	  advocating	  applicable	  terms	  for	  the	  Open	  Design	  of	  goods	  (Jalopy,	  Torrone	  et	  al.	  
2005,	  1).	  The	  design	  of	  the	  Bee	  Lab	  kit_V1	  built	  on	  Jalopy’s	  bill	  of	  rights,	  making	  componentry	  
accessible	  with	  no	  special	  tools	  required	  to	  hinder	  either	  the	  upgrade	  or	  repair	  of	  the	  kit	  (Jalopy,	  
Torrone	  et	  al.	  2005,	  1).	  	  
7.8 Bee	  Lab	  Hackathon	  Method:	  Beekeeping	  Design	  Considerations	  
During	  the	  beekeeping	  season,	  bees	  produce	  propolis:	  “Propolis	  is	  used	  by	  the	  bees	  to	  seal	  up	  small	  
cavities,	  to	  strengthen	  comb”	  (Yates	  1999,	  7).	  Propolis	  covers	  internal	  foreign	  entities	  of	  a	  beehive,	  
providing	  “antiseptic	  [and]	  maintain[ing]	  hygiene	  in	  the	  hive”	  (Cramp	  2011,	  138).	  Propolis	  is	  a	  sticky	  
substance	  that	  negates	  unsealed	  surfaces,	  making	  sensors	  void	  if	  unprotected	  and	  is	  hard	  for	  
beekeepers	  to	  clean	  internally	  in	  a	  hive.	  	  
	  
The	  other	  strong	  factor	  considered	  in	  the	  design	  of	  the	  Bee	  Lab	  kit	  was	  the	  internal	  workings	  of	  bee	  
hives,	  in	  particular	  “bee	  space”(Yates	  1999,	  25).	  Bee	  space,	  discovered	  by	  “Rev.	  L.L.Langstroth	  in	  
1851/2,	  showed	  that	  12mm	  is	  required	  between	  beehive	  frames”	  (Yates	  1999,	  25).	  This	  intervention	  
produced	  the	  Langstroth	  bee	  hive,	  an	  interchangeable,	  easier	  to	  inspect	  beehive	  over	  the	  traditional	  
medieval	  beekeepers	  skep,	  now	  used	  throughout	  commercial	  beekeeping	  (Thorne	  2014a).	  Bee	  
space’s	  importance	  means	  that	  sensors	  and	  internal	  additions	  needed	  to	  be	  carefully	  considered	  and	  
possibly	  avoided.	  Internal	  hive	  additions	  could	  become	  covered	  in	  propolis,	  voiding	  sensing	  
potential,	  affecting	  the	  internal	  workings	  of	  the	  hive	  and	  becoming	  hard	  to	  clean,	  presenting	  
beekeepers	  with	  a	  problem,	  not	  a	  solution.	  	  
	  
During	  earlier	  research	  and	  stakeholder	  meetings,	  the	  partners	  highlighted	  the	  desire	  to	  monitor	  
how	  much	  beekeepers	  are	  feeding	  their	  bees	  with	  sugar	  syrup	  (Phillips.	  R,	  et	  al.	  2013).	  One	  
commonly	  used	  sugar	  syrup	  feeder	  (B.S.	  Frame	  feeder)	  fits	  inside	  the	  hive.	  This	  feeder	  rests	  on	  the	  
rails	  that	  the	  hives	  frames	  also	  reside	  on	  (Figure	  204).	  This	  type	  of	  feeder	  is	  filled	  during	  hive	  
inspections,	  remaining	  internal	  to	  the	  hive,	  making	  it	  hard	  to	  monitor	  externally	  without	  opening	  the	  
hive.	  The	  proposed	  route	  of	  measuring	  the	  amount	  of	  feed	  that	  beekeepers	  were	  giving	  their	  bees	  
was	  to	  measure	  the	  weight	  of	  the	  internal	  feeder.	  Pressure	  sensors	  were	  used	  to	  calculate	  the	  
weight,	  documenting	  its	  uptake	  and	  being	  externally	  viewable	  on	  the	  kit’s	  LCD.	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  197	  of	  265	  
	  
Figure	  204,	  In	  hive	  sugar	  syrup	  feeder	  
7.9 Bee	  Lab	  Hackathon	  Method:	  The	  Design	  of	  the	  Bee	  Lab	  Kit	  (version	  1)	  
Specification	  of	  Bee	  Lab	  kit	  	  
-­‐ During	  the	  ethnography,	  it	  was	  highlighted	  that	  many	  apiaries	  are	  situated	  in	  remote	  locations.	  
This	  meant	  powering	  the	  Bee	  Lab	  device,	  so	  battery	  life	  was	  critical.	  Self-­‐harvesting	  energy	  units,	  
for	  example,	  solar	  panels,	  were	  discussed,	  but	  would	  affect	  the	  cost	  of	  the	  unit.	  The	  goal	  of	  the	  
batteries	  or	  power	  units	  was	  to	  last	  a	  minimum	  of	  three	  months,	  preferably	  six.	  The	  kit	  also	  
needed	  to	  tell	  the	  user	  the	  condition	  of	  the	  batteries	  and	  predict	  their	  replacement	  in	  days.	  
	  
-­‐ Any	  areas	  handled	  by	  the	  beekeeper	  need	  to	  be	  ‘cleanable’	  by	  antibacterial	  spray	  to	  adhere	  to	  
good	  hygiene	  practices	  of	  beekeeping	  (Yates	  1999,	  15).	  	  
	  
-­‐ The	  electronics	  casing	  needs	  to	  be	  fully	  weather	  proof,	  surviving	  the	  harsh	  inclement	  weather	  of	  
the	  United	  Kingdom.	  (protected	  against	  water	  ingress)	  
	  
-­‐ The	  kit	  must	  have	  minimal	  wiring	  to	  the	  hive	  and	  carefully	  consider	  its	  placement	  so	  it	  does	  not	  
over	  complicate	  the	  beekeepers’	  work	  and	  does	  not	  require	  drilling	  into	  expensive	  hives.	  
	  
-­‐ The	  kit	  can	  conserve	  battery	  life	  by	  using	  a	  timed	  reading	  every	  hour,	  waking	  the	  circuit,	  taking	  a	  
reading,	  then	  powering	  down.	  The	  frequency	  of	  the	  reading	  needs	  to	  be	  user	  adjustable.	  
	  
-­‐ The	  load	  cell	  (weight	  sensor)	  must	  tolerate	  up	  to	  50	  kilograms	  without	  breaking	  if	  overloaded	  to	  
100	  kilograms.	  
	  
-­‐ The	  temperature	  sensor	  must	  range	  from	  -­‐30	  to	  80	  Celsius,	  accompanying	  a	  humidity	  sensor.	  	  	  
	  
-­‐ The	  pressure	  sensors	  monitoring	  the	  weight	  of	  the	  inhive	  sugar	  syrup	  feeder	  must	  tolerate	  up	  to	  
10	  kilos.	  The	  pressure	  sensors	  must	  fit	  under	  the	  feeder	  frame	  without	  participants	  cutting	  into	  
their	  hive,	  maintaining	  ‘bee	  space’.	  	  
	  
-­‐ The	  kit	  must	  be	  as	  repairable	  as	  possible.	  	  
	  
-­‐ The	  kit,	  whilst	  gathering	  metrics	  readings	  for	  internal	  storage,	  should	  provide	  the	  user	  with	  
instant	  feedback	  at	  the	  site	  of	  the	  hive.	  The	  instant	  feedback	  readings	  must	  be	  comparable	  to	  
previous	  data	  so	  the	  user	  can	  not	  only	  see	  the	  current	  reading	  but	  also	  the	  change	  from	  the	  last	  
reading.	  	  
	  
-­‐ During	  the	  data	  gathering	  process,	  the	  kit	  must	  not	  overwrite	  data.	  The	  recording	  mechanism	  for	  
storing	  raw	  data	  must	  be	  replaceable,	  purchasable	  on	  the	  high	  street	  or	  online.	  
	  
-­‐ The	  assembly	  of	  the	  Bee	  Lab	  kit	  must	  use	  the	  minimum	  amount	  of	  high	  street	  accessible	  tools	  
and	  equipment.	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The	  design	  of	  the	  Bee	  Lab	  kit	  (V1)	  (Figure	  202)	  used	  off-­‐the-­‐shelf	  electronics	  componentry	  accessible	  
either	  from	  the	  high	  street	  retailer	  Maplin	  (www.maplin.co.uk),	  online	  electronics	  suppliers	  RS	  
components	  (http://uk.rs-­‐online.com)	  or	  Farnell	  (http://uk.farnell.com),	  so	  that	  parts	  were	  
accessible	  to	  users.	  The	  coding	  inputs	  (used	  to	  operate	  the	  electronic	  components)	  were	  designed	  
using	  C/C++	  as	  this	  is	  the	  common	  code	  for	  Arduino	  (http://arduino.cc),	  a	  plugin	  prototyping	  system	  
for	  creating	  “interactive	  objects,	  taking	  inputs	  from	  a	  variety	  of	  switches	  or	  sensors,	  and	  controlling	  
a	  variety	  of	  lights,	  motors,	  and	  other	  physical	  outputs”	  (Arduino	  2013).	  Even	  though	  coding	  was	  not	  
taught	  as	  part	  of	  the	  Bee	  Lab	  Hackathon,	  the	  project	  needed	  to	  situate	  itself	  inside	  a	  community	  that	  
could	  support	  future	  activities	  and	  potentially	  solve	  problems.	  	  
	  
Figure	  205,	  TWSU’s	  final	  Hackathon	  kit	  and	  how	  the	  participants	  saw	  the	  kit	  at	  the	  event	  
A	  custom	  Printed	  Circuit	  Board	  (PCB)	  was	  one	  of	  two	  components	  that	  was	  not	  readily	  available	  ‘off-­‐
the-­‐shelf’	  or	  purchasable	  from	  a	  high	  street	  (Figure	  205).	  The	  PCB	  was	  designed	  specifically	  to	  ease	  
users’	  assembly	  of	  the	  Bee	  Lab	  kit	  (Figure	  206).	  The	  PCB	  was	  produced	  specifically	  for	  the	  workshop	  
but	  could	  have	  been	  uploaded	  to	  an	  online	  digital	  manufacturing	  platform	  that	  produces	  PCBs,	  such	  
as	  Ponoko	  (www.ponoko.com),	  “the	  world’s	  easiest	  making	  system”,	  for	  further	  international	  uptake	  
(Ponoko	  2013).	  	  
	  
Figure	  206,	  PCB	  created	  by	  TWSU	  
The	  waterproof	  casing	  housing	  the	  Bee	  Lab	  kit	  (assembled	  electronics	  components)	  used	  an	  IP	  65	  
exterior	  accessory	  box	  available	  off-­‐the-­‐shelf	  (Toolstation	  2014).	  The	  exterior	  accessory	  box	  was	  
already	  industry	  compliant,	  tested	  to	  withstand	  weather	  and	  appropriate	  ingress	  protection	  (against	  
rain	  and	  moisture).	  The	  IP65	  box	  is	  available	  in	  commercial	  hardware	  suppliers	  and	  more	  widely	  
available	  online,	  as	  it	  is	  used	  to	  house	  external	  plug	  sockets.	  It	  therefore	  has	  convenient	  mounting	  
points	  for	  components	  and	  sealed	  gates	  for	  wires	  exiting	  the	  housing	  (Figure	  207).	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Figure	  207,	  IP	  165	  off-­‐the-­‐shelf	  casing	  with	  detail	  of	  sealed	  gates	  for	  outgoing	  wire	  ways	  
A	  clear	  acrylic	  product	  fascia	  was	  used	  to	  secure	  the	  Bee	  Lab	  kit	  internally	  to	  the	  IP-­‐rated	  housing	  
and	  was	  the	  second	  bespoke	  component	  in	  the	  Bee	  Lab	  kit.	  The	  product	  fascia	  could	  have	  been	  
either	  produced	  by	  a	  small	  scale	  laser	  cutter	  located	  either	  in	  a	  local	  fablab,	  school	  or	  purchased	  
online	  via	  Ponoko	  (www.ponoko.com).	  	  
	  
The	  Bee	  Lab	  kit_V1	  componentry	  was	  purchased	  in	  bulk,	  reducing	  the	  cost	  of	  the	  bill	  of	  materials,	  
but	  the	  vital	  element	  to	  the	  kit’s	  design	  was	  the	  accessibility	  and	  tangibility	  of	  production	  according	  
to	  open	  design	  methodologies.	  Before,	  during	  and	  after	  the	  workshop,	  the	  bill	  of	  materials,	  plans	  
and	  code	  could	  have	  been	  released	  on	  online	  code	  repositories	  such	  as	  github	  (https://github.com),	  
which	  are	  widely	  used	  within	  open	  hardware	  communities.	  This	  was	  not	  done	  as	  it	  wanted	  to	  
evaluate	  the	  construction,	  assembly	  and	  use	  with	  participants	  and	  could	  have	  been	  detrimental	  as	  
the	  kits	  had	  not	  been	  fully	  beta	  tested.	  The	  design	  requirements	  from	  Jalopy’s	  Makers’	  Bill	  of	  Rights	  
determines	  that	  constructions	  should	  not	  require	  “special	  tools”	  for	  assembly	  or	  disassembly.	  The	  
Bee	  Lab	  kit	  (V1)	  only	  required	  a	  soldering	  iron	  and	  electronics	  clippers	  (Jalopy,	  Torrone	  et	  al.	  2005,	  
1).	  Although	  these	  tools	  are	  not	  totally	  commonplace,	  they	  are	  accessible	  through	  high	  street	  and	  
online	  retailers	  or	  within	  fablab	  workshops.	  
7.10 Bee	  Lab	  Hackathon	  Method:	  The	  Bee	  Lab	  Kit	  
The	  Bee	  Lab	  kit	  consisted	  of	  accessible	  parts	  with	  the	  following	  bill	  of	  materials	  located	  in	  appendix	  
(D).	  The	  sensing	  elements	  of	  the	  kit	  included	  one	  temperature	  and	  humidity	  sensor,	  two	  pressure	  
sensors	  and	  one	  load	  cell	  for	  a	  maximum	  load	  of	  50	  kilograms.	  These	  parts	  were	  chosen	  because	  
they	  are	  currently	  readily	  available	  off	  the	  shelf	  with	  the	  supporting	  code,	  and	  are	  also	  used	  within	  
the	  Arduino	  community.	  The	  electronic	  parts	  are	  also	  the	  most	  accurate	  and	  reliable	  for	  the	  limited	  
budget	  (£100),	  rather	  than	  the	  most	  expensive	  components.	  The	  rationale	  behind	  part	  selection	  was	  
validated	  by	  discussions	  with	  the	  BBKA	  concerning	  what	  their	  members	  would	  pay.	  	  
	  
The	  Bee	  Lab	  kit	  took	  lessons	  from	  the	  Air	  Quality	  Egg	  (www.airqualityegg.com),	  a	  community-­‐
developed	  air	  quality	  sensor	  device.	  Air	  Quality	  Egg	  state	  that	  it	  is	  clear	  that	  low-­‐cost	  sensors	  
“cannot	  compete	  with	  much	  more	  expensive	  ‘institutional’	  air	  quality	  sensor	  networks	  on	  their	  own	  
terms;	  instead,	  it	  offers	  new	  collaborative	  means	  of	  monitoring	  air	  quality	  by	  a	  global	  community	  of	  
air	  quality	  sensor	  enthusiasts”	  (Borden	  2013).	  The	  Bee	  Lab	  kit	  understands	  that	  it	  is	  using	  accessible	  
sensors	  that	  are	  accurate	  and	  that	  commercial	  sensors	  would	  provide	  more	  accuracy,	  but	  the	  
priority	  is	  to	  give	  beekeepers	  the	  opportunity	  to	  monitor	  their	  hives	  in	  the	  first	  place.	  
	  
Prior	  work	  had	  indicated	  that	  carbon	  dioxide	  sensors,	  microphones	  for	  audio	  and	  cameras	  would	  
have	  also	  been	  interesting	  to	  the	  beekeepers	  and	  the	  subsequent	  data	  they	  would	  produce	  to	  the	  
BBKA	  (Phillips.	  R,	  et	  al.	  2013).	  The	  strongest	  element	  in	  defining	  the	  cost	  and	  capability	  of	  the	  Bee	  
Lab	  kit	  was	  power	  consumption	  i.e.	  batteries.	  Energy	  harvesting	  systems	  such	  as	  solar	  energy	  were	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considered	  but	  deemed	  too	  expensive	  for	  the	  initial	  kit	  and	  were	  recommended	  as	  an	  upgrade	  for	  
participants.	  Rechargeable	  power	  supplies	  and	  car	  batteries	  were	  also	  considered	  but	  the	  design	  of	  
the	  Bee	  Lab	  kit	  was	  trying	  to	  adhere	  to	  Jalopy’s	  Maker’s	  Bill	  of	  Rights	  by	  using	  the	  most	  accessible	  
components	  (Jalopy,	  Torrone	  et	  al.	  2005,	  1).	  The	  kit	  used	  soldered	  ports	  so	  components	  could	  be	  
added	  or	  removed.	  Components	  are	  expensive	  and	  the	  ports	  help	  reduce	  over	  soldering	  of	  
components,	  which	  damages	  their	  function.	  
7.11 Bee	  Lab	  Hackathon	  Method:	  Execution	  &	  Workshop	  Validation	  
The	  project	  partners	  validated	  the	  workshop	  and	  kits	  construction	  prior	  to	  the	  recruitment	  call.	  The	  
BBKA	  validated	  the	  initial	  use	  and	  perceived	  value	  of	  the	  kit.	  The	  Honey	  Club	  validated	  the	  narrative,	  
clear	  communication	  and	  any	  branded	  material	  surrounding	  the	  workshop.	  Horizon	  validated	  the	  
research	  procedures	  and	  the	  integration	  of	  their	  data	  collection	  resource.	  Finally,	  Technology	  Will	  
Save	  Us,	  validated	  the	  construction	  of	  the	  kit	  and	  the	  ease	  of	  lay	  user	  assembly,	  based	  on	  their	  
educational	  workshop	  experience.	  Project	  partners	  also	  recommended	  possible	  champions	  to	  
participate	  in	  the	  workshop	  who	  could	  disseminate	  results	  amongst	  their	  beekeeping	  peers.	  	  
7.12 Bee	  Lab	  Hackathon	  Method:	  Recruitment	  	  
Twelve	  places	  in	  total	  were	  avaliable	  for	  technical	  parties	  to	  engage	  with.	  Eight	  places	  for	  self-­‐
selecting	  participants	  were	  offered	  to	  anyone	  using	  online	  and	  partner	  recruitment	  and	  four	  places	  
were	  issued	  to	  local	  beekeeping	  club	  secretaries.	  The	  club	  secretaries	  were	  important	  as	  they	  were	  
not	  only	  beekeepers	  but	  also	  knew	  the	  interest	  of	  their	  beekeeping	  groups	  and	  would	  be	  a	  
charitable	  audience	  for	  producing	  and	  potentially	  selling	  kits	  or	  pursuing	  open	  design	  opportunities.	  	  
Participants	  were	  recruited	  through	  the	  partner’s	  networks,	  online	  presences	  and	  social	  media.	  
Eventbrite	  (www.eventbrite.co.uk)	  an	  easy	  to	  use	  online	  tool	  to	  promote	  and	  sell	  tickets	  for	  events	  
was	  created.	  The	  Eventbrite	  displayed	  public	  facing	  information	  about	  the	  Hackathon	  and	  ensured	  
that	  there	  was	  a	  ticket	  system,	  to	  control	  demand.	  The	  Hackathon	  was	  a	  free	  event	  for	  the	  purpose	  
of	  research	  and	  operated	  a	  first	  come	  first	  served	  system,	  with	  reminder	  emails	  a	  week	  before	  the	  
event.	  Charging	  a	  participant	  to	  participate	  was	  discussed	  with	  project	  partners	  as	  Hackathon	  
attendees	  exchanging	  finances	  defines	  how	  much	  they	  value	  the	  experience	  and	  output.	  The	  
workshop	  was	  located	  in	  a	  central	  London	  studio	  meeting	  all	  health	  and	  safety	  requirements,	  on	  a	  
Saturday,	  outside	  participants’	  office	  hours	  and	  started	  at	  11am,	  making	  it	  cheaper	  for	  attendees	  
travelling	  by	  train.	  The	  Hackathon	  followed	  the	  following	  process	  depicted	  in	  (Figure	  208).	  
	  
Figure	  208,	  Hackathon	  working	  process	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7.13 Bee	  Lab	  Hackathon	  Method:	  	  Workshop	  Process	  
The	  Hackathon	  started	  with	  an	  introductory	  seminar	  explaining	  the	  wider	  context	  of	  Citizen	  Science	  
and	  Open	  Design,	  the	  project’s	  history	  /	  prior	  work	  and	  the	  day’s	  activities.	  After	  a	  health	  and	  safety	  
briefing,	  the	  participants	  started	  to	  work	  through	  the	  kit’s	  assembly	  under	  the	  supervision	  and	  
guidance	  of	  the	  technical	  partner	  TWSU	  (Figure	  206).	  Participants	  were	  also	  issued	  with	  pictorial	  
instructions.	  The	  author	  and	  technicians	  also	  observed	  any	  sticking	  points	  of	  the	  Hackathon	  kits	  for	  
evaluation	  after	  the	  session	  and	  during	  the	  discussion.	  	  
The	  Hackathon	  was	  also	  interested	  in	  studying	  theories	  of	  “the	  Ikea	  effect”	  (Michael	  I.	  et	  al.	  2011,	  
21).	  The	  notion	  of	  the	  Ikea	  effect	  “show[s]	  that	  labor	  increases	  valuation	  of	  completed	  products	  not	  
just	  for	  consumers	  who	  profess	  an	  interest	  in	  “do-­‐it-­‐yourself”	  projects	  but	  even	  for	  those	  who	  are	  
relatively	  uninterested”	  (Michael	  I.	  et	  al.	  2011,	  3).	  Throughout	  the	  workshops,	  researchers	  observed	  
the	  participants	  gauging	  their	  technical	  assembly	  level	  against	  the	  kit.	  The	  researchers	  also	  discussed	  
the	  assembly	  procedures	  with	  the	  users	  and,	  later,	  with	  expert	  technicians. 
 
Figure	  209,	  Hackathon	  participants	  assembling	  kits	  
7.14 Bee	  Lab	  Hackathon:	  Sensor	  Placement	  /	  Deployment	  Scenarios	  
The	  placement	  of	  the	  finished	  sensors	  had	  been	  carefully	  considered	  but,	  as	  they	  were	  being	  placed	  
in	  participants’	  beehives,	  the	  author	  wanted	  to	  build	  on	  Carroll	  and	  Rossons’	  participatory	  design	  
theories.	  In	  Participatory	  Design	  in	  Informatics,	  Carroll	  and	  Rosson	  state:	  “in	  participatory	  design,	  the	  
designer’s	  role	  is	  more	  nuanced	  and	  more	  complex.	  Ideally,	  all	  the	  relevant	  stakeholders	  participate	  
in	  even	  the	  inner	  loop	  of	  design	  conception,	  and	  all	  continue	  to	  participate	  meaningfully	  as	  the	  
design	  is	  specified,	  implemented,	  delivered,	  installed,	  and	  used”	  (Carroll,	  Rosson	  2007,	  243).	  So,	  
whilst	  the	  placement	  of	  the	  sensors	  was	  considered,	  it	  was	  important	  to	  ensure	  that	  participants	  
were	  involved	  in	  all	  decisions	  as	  “people	  have	  the	  right	  to	  participate	  in	  the	  design	  of	  technological	  
artefacts	  and	  systems	  that	  affect	  their	  activities	  and	  experiences”	  (Carroll,	  Rosson	  2007,	  248).	  
7.15 Bee	  Lab	  Hackathon	  Method:	  Data	  Collection	  
The	  participants	  were	  then	  introduced	  to	  Timestreams,	  a	  data	  handling	  plug-­‐in	  to	  Wordpress	  
(www.wordpress.com).	  Timestreams,	  developed	  as	  part	  of	  a	  previous	  project,	  enables	  engagement	  
with	  environmental	  data	  and	  media,	  supporting	  data	  storage,	  visualisation	  and	  sharing	  (Blum,	  J.	  et	  
al.	  2013,	  1).	  The	  Timestreams	  platform	  provides	  participatory	  sensing	  capabilities	  to	  support	  
engagement	  with	  communities	  around	  their	  data.	  Users	  can	  view	  and	  respond	  to	  local	  and	  global	  
data	  from	  environmental	  sensors	  and	  media,	  whether	  in	  fixed	  locations	  or	  in	  mobile	  situations.	  
Timestreams	  is	  a	  platform	  for	  capturing	  sensor	  data	  from	  local	  community	  environments.	  It	  reports	  
to	  a	  cloud-­‐based	  social	  platform	  for	  mobile	  sensing	  and	  blogging	  through	  WordPress.	  Timestreams	  
facilitates	  mass	  participation	  in	  Citizen	  Science	  activities,	  providing	  features	  to	  report	  and	  review	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sensor	  measurements	  and	  manipulate	  their	  playback,	  in	  order	  to	  remediate	  them	  in	  digital,	  web-­‐
based	  interpretations,	  or	  through	  physical	  artefacts.	  The	  beekeepers	  were	  briefed	  with	  Timestreams	  
and	  given	  instructions	  to	  take	  home	  as	  Timestreams	  is	  an	  existing	  system.	  Testing	  Timestreams	  was	  
outside	  the	  objectives	  of	  the	  day.	  Hackathon	  beekeepers	  were	  also	  offered	  a	  ‘how	  is	  it	  going’?	  
evening	  three	  weeks	  after	  the	  original	  event	  to	  answer	  any	  questions,	  with	  group	  emails	  also	  
exchanged	  for	  troubleshooting.	  
The	  data	  from	  the	  Bee	  Lab	  kit	  would	  be	  ‘mulled’	  on	  SD	  cards	  by	  the	  user	  from	  the	  unit	  located	  on	  
the	  hive.	  Data	  mulling	  was	  deemed	  appropriate	  as	  wireless	  networks	  hold	  more	  complex	  issues	  
(Watanabe	  2008,	  384-­‐388).	  SD	  cards	  (used	  for	  data	  mulling)	  are	  available	  on	  the	  high	  street	  and	  
would	  hold	  five	  years’	  worth	  of	  data	  on	  2	  GB	  SD	  card,	  based	  on	  the	  default	  setting	  of	  documenting	  a	  
sensor	  reading	  every	  sixty	  minutes.	  Wireless	  connections	  were	  discussed	  and	  explored	  but	  they	  
would	  increase	  the	  cost	  of	  the	  unit	  and	  beehives	  are	  usually	  in	  remote	  locations	  without	  Wi-­‐Fi.	  3G	  
mobile	  devices	  were	  also	  considered	  but	  then	  service	  costs	  and	  power	  consumption	  became	  a	  big	  
concern,	  affecting	  the	  price	  of	  the	  overall	  unit	  and	  the	  running	  costs	  of	  them.	  Wi-­‐Fi	  was	  also	  avoided	  
in	  line	  with	  Warnke’s	  warnings	  in	  Bees,	  Birds	  and	  Mankind	  Destroying	  Nature	  by	  “Electrosmog”.	  
Warnke	  describes	  colony	  collapse	  disorder	  cases	  where	  he	  correlated	  the	  placement	  of	  mobile	  
phone	  masts	  near	  these	  affected	  apiaries	  (Warnke	  2008,	  9).	  Whilst	  (at	  time	  of	  writing)	  there	  is	  no	  
hard	  evidence	  of	  Wi-­‐Fi,	  radio	  or	  mobile	  phone	  signal	  affecting	  honey	  bees,	  it	  was	  avoided.	  The	  
research	  partners	  believed	  that,	  unless	  there	  was	  hard	  evidence,	  volunteers	  might	  see	  the	  perceived	  
risk,	  deterring	  them	  from	  participating	  in	  the	  future.	  	  
7.16 Results	  Study	  5,	  Bee	  Lab	  Hackathon	  	  
7.17 Bee	  Lab	  Hackathon:	  Recap	  
The	  Bee	  Lab	  Hackathon	  was	  a	  live	  workshop	  with	  15	  active	  beekeepers	  assembling	  technology	  kits.	  
The	  Hackathon	  tested	  the	  first	  iteration	  of	  the	  Bee	  Lab	  kits	  with	  temperature	  and	  humidity	  sensors,	  
pressure	  sensors	  for	  measuring	  internal	  hive	  feeders	  and	  a	  load	  cell	  capable	  of	  weighing	  50	  
kilograms	  assessing	  the	  entire	  hive.	  The	  objective	  of	  the	  Hackathon	  was	  to	  test	  first-­‐hand	  the	  
viability	  and	  tangibility	  of	  users	  assembling	  their	  own	  bee	  hive	  monitoring	  devices.	  The	  objective	  was	  
also	  to	  evaluate	  the	  designed	  electronic	  Bee	  Lab	  Kits	  via	  participants’	  responses,	  using	  feedback	  
forms	  and	  verbal	  discussion	  accompanied	  by	  researcher	  and	  technician	  observation(s).	  	  
7.18 Bee	  Lab	  Hackathon:	  Results	  	  
The	  day	  started	  with	  a	  territory	  briefing	  of	  Open	  Design	  and	  Citizen	  Science,	  accompanied	  by	  health	  and	  
safety	  requirements.	  The	  safety	  briefings	  ensured	  that	  participants	  were	  comfortable	  with	  soldering	  irons	  
and	  that	  safety	  glasses	  fitted	  correctly.	  Each	  participant	  was	  issued	  with	  a	  soldering	  iron	  and	  stand,	  
solder,	  blu-­‐tac	  (to	  restrain	  parts	  for	  soldering)	  and	  a	  DIY	  Bee	  Lab	  kit	  (Figure	  207	  &	  208).	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Figure	  210,	  Bee	  Lab	  Kit	  in	  parts	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  211,	  Bee	  Lab	  Kit	  bagged	  
Instructional	  content	  
The	  participants	  were	  guided	  through	  electronics	  component	  identification	  by	  a	  technician,	  using	  
supporting	  printed	  material.	  The	  printed	  material	  (Figure	  210)	  simply	  identified	  the	  components	  so	  
that	  technicians	  could	  vocalise	  the	  name	  of	  the	  electronic	  component	  or	  the	  corresponding	  number	  
enabling	  participants	  to	  find	  it.	  There	  were	  no	  specific	  photographic	  instructions	  as	  all	  the	  project	  
partners	  wanted	  to	  see	  how	  the	  participants	  coped	  with	  assembly	  to	  locate	  pitfalls	  in	  the	  kit’s	  
design.	  	  
	  
Figure	  212,	  Printed	  component	  numbering	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  213,	  Kit	  laid	  out	  
7.19 Bee	  Lab	  Hackathon	  Results:	  Assembly	  Procedures	  
The	  participants	  started	  engaging	  with	  the	  process	  by	  soldering	  the	  Bee	  Lab	  kit	  together.	  stage	  by	  
stage	  the	  two	  technicians	  guided	  the	  participants	  through	  the	  construction	  of	  the	  kit,	  with	  
instructions	  given	  communally	  for	  all	  participants	  to	  hear.	  The	  technician	  troubleshot	  any	  problems	  
that	  the	  participants	  had.	  Throughout	  the	  Hackathon,	  technicians	  and	  researchers	  used	  the	  
ethnography	  practice	  of	  Hammersley	  observing	  both	  beekeepers’	  challenges	  and	  positives	  
(Hammersley,	  Atkinson	  2007).	  	  
Six	  out	  of	  the	  fifteen	  participants	  found	  the	  verbal	  instructions,	  part	  identification	  and	  assembly	  easy	  
as	  they	  sped	  up	  with	  soldering.	  Those	  six	  participants	  also	  required	  less	  instruction	  and	  help	  from	  
the	  technicians.	  The	  other	  nine	  participants	  found	  it	  hard	  to	  assemble	  the	  kits.	  When	  researchers	  
asked	  them	  why,	  one	  of	  the	  participants	  responded	  with	  ‘I	  want	  to	  know	  all	  of	  the	  elements	  so	  that	  I	  
fully	  understand	  the	  kit	  and	  its	  assembly’.	  The	  participant	  wanted	  to	  understand	  all	  of	  the	  
components,	  including	  how	  they	  functioned	  and	  what	  their	  specific	  role	  was.	  The	  other	  14	  
participants	  were	  simply	  keen	  to	  assemble	  the	  kits	  to	  get	  them	  functioning,	  taking	  less	  time	  to	  
understand	  the	  functionality	  of	  each	  electronic	  component.	  The	  verbal	  instructions	  given	  by	  the	  
technician	  did	  explain	  each	  component,	  but	  the	  participants	  were	  more	  interested	  in	  validating	  that	  
they	  had	  assembled	  the	  kit	  correctly.	  
Throughout	  the	  entire	  Hackathon	  kit	  assembly,	  participants	  often	  copied	  and	  questioned	  each	  other.	  
During	  the	  Hackathon,	  it	  was	  clear	  that	  participants	  had	  gained	  confidence	  and	  momentum	  as	  they	  
were	  speeding	  up	  and	  were	  not	  so	  afraid	  to	  make	  soldering	  mistakes,	  as	  they	  knew	  they	  could	  put	  
them	  right	  and	  have	  their	  kits	  verified	  by	  on-­‐hand	  technicians.	  The	  Hackathon	  highlighted	  the	  
importance	  of	  ‘social	  assembly’	  for	  kit	  processes,	  as	  participants	  copied	  each	  other	  (Figure	  214).	  This	  
insight	  does	  present	  the	  need	  to	  include	  experts	  within	  an	  Open	  Design	  network.	  	  
Participants	  working	  alongside	  their	  peers	  meant	  that	  they	  could	  question	  and	  observe	  how	  others	  
were	  completing	  pertinent	  stages.	  During	  the	  assembly,	  it	  became	  clear	  that	  participants	  needed	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more	  information	  on	  what	  they	  could	  and	  could	  not	  edit.	  They	  were	  very	  interested	  in	  sections	  of	  
the	  kit	  that	  they	  could	  assemble	  more	  quickly	  or	  “bodge	  together,	  to	  see	  it	  working”	  in	  the	  words	  of	  
one	  participant.	  Participants	  wanted	  to	  discuss	  alternative	  power	  sources	  they	  could	  use,	  for	  
example,	  solar	  energy	  or	  car	  batteries,	  extending	  the	  kit’s	  monitoring	  life	  by	  four	  months.	  	  
	  
Figure	  214,	  ‘Social	  assembly’	  
The	  Hackathon	  version	  of	  the	  kit	  required	  basic	  knowledge	  and	  use	  of	  a	  soldering	  iron.	  A	  soldering	  
iron	  is	  a	  common	  electronics	  construction	  tool	  and	  can	  be	  purchased	  cheaply	  on	  the	  high	  street	  or	  
online.	  The	  participants	  found	  soldering	  easy	  with	  a	  brief	  training	  session	  (Figure	  215	  &	  216).	  Within	  
the	  training	  session,	  participants	  soldered	  two	  wires	  together,	  an	  inexpensive	  confidence	  building	  
exercise.	  The	  training	  did	  highlight	  the	  difficulty	  in	  participants	  verifying	  their	  actions	  remotely	  
without	  a	  technician	  to	  help	  them.	  	  
	  
Figure	  215,	  Soldering	  tutorial	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  216,	  Beekeepers	  receiving	  tutorial	  	  	  
During	  the	  workshop	  time,	  the	  soldering	  took	  too	  long	  for	  the	  participants	  to	  complete	  (Figure	  217)	  
so	  the	  assembly	  procedures	  for	  testing	  the	  kit’s	  function	  had	  to	  be	  completed	  by	  technicians.	  The	  
technicians	  and	  researchers	  had	  planned	  for	  the	  soldering	  to	  take	  three	  hours,	  but,	  after	  the	  allotted	  
time,	  only	  one	  beekeeper	  had	  assembled	  their	  kit,	  due	  to	  the	  learning	  curve	  of	  soldering.	  A	  briefing	  
was	  set	  up	  at	  a	  later	  date	  addressing	  that	  time	  lapse,	  briefing	  participants	  in	  the	  kit’s	  functionality.	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Figure	  217,	  Beekeepers	  assembling	  kits	  
7.20 Bee	  Lab	  Hackathon	  Results:	  Product	  and	  Process	  Viability	  
The	  construction	  of	  the	  kit	  was	  analysed	  by	  technician	  and	  researcher	  observations	  throughout	  the	  
Hackathon,	  ensuring	  the	  kit	  had	  “select[ed]	  the	  appropriate	  functionality”	  for	  users	  (TuDelft	  2014,	  
45).	  The	  design	  of	  the	  kits	  relied	  on	  mountings	  soldered	  to	  the	  Printed	  Circuit	  Boards	  (PCB)	  and	  
relevant	  components	  placed	  into	  the	  mountings.	  The	  user’s	  route	  of	  assembly	  started	  with	  the	  
cheapest	  components,	  working	  up	  to	  the	  most	  expensive,	  so	  participants	  could	  practise	  soldering.	  
The	  lack	  of	  pre-­‐soldered	  parts	  did	  slow	  participants	  down	  in	  constructing	  their	  kits.	  The	  decision	  to	  
exclude	  pre-­‐soldered	  parts	  from	  the	  kit	  was	  due	  to	  cost	  and	  local	  availability	  of	  parts,	  making	  the	  
product	  more	  ‘open’	  for	  manufacture.	  The	  amount	  of	  soldering	  was	  intended	  to	  make	  the	  assembler	  
learn	  the	  fundamentals	  of	  product	  workings	  by	  understanding	  componentry.	  	  
In	  hindsight,	  this	  decision	  was	  not	  helpful	  to	  the	  participants;	  it	  was	  cheaper	  and	  easier	  for	  a	  
purchaser,	  but	  it	  was	  not	  easier	  for	  the	  targeted	  lay	  user	  to	  assemble.	  The	  time	  to	  solder	  all	  of	  the	  
parts	  also	  deterred	  participants	  as	  it	  was	  a	  ‘time	  heavy	  construction’.	  Where	  do	  you	  balance	  
between	  ‘open’	  affordable	  products	  and	  plug-­‐and-­‐play	  kit	  that	  is	  more	  expensive?	  They	  should	  be	  
one	  and	  the	  same,	  i.e.	  a	  good	  product	  that	  is	  subsequently	  open	  or	  has	  accessible	  elements.	  The	  
users’	  experience	  is	  the	  most	  important.	  
	  
Figure	  218,	  Kit	  Liquid	  Crystal	  Display	  (LCD)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  219,	  Participant	  laying	  out	  Bee	  Lab	  kit	  
The	  construction	  of	  the	  kit	  highlighted	  a	  construction	  opportunity.	  Part	  of	  the	  Bee	  Lab	  kit	  is	  a	  Liquid	  
Crystal	  Display	  (LCD)	  for	  on-­‐site	  data	  readings	  (Figure	  218).	  The	  LCD	  provides	  direct	  feedback	  to	  the	  
user	  and	  could	  be	  used	  for	  other	  features.	  In	  future	  prototypes	  of	  the	  kit,	  the	  LCD	  could	  be	  used	  to	  
slowly	  introduce	  assemblers	  to	  the	  parts	  they	  are	  assembling.	  For	  example,	  the	  LCD	  could	  say	  (on	  
the	  screen)	  “Hello,	  I	  am	  a	  temperature	  sensor,	  you	  have	  just	  connected	  me”.	  This	  process	  would	  give	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the	  assembler	  verified	  stages,	  giving	  them	  more	  satisfaction	  and	  reward	  throughout	  the	  
construction	  process.	  The	  problem	  highlighted	  by	  users	  with	  the	  Hackathon	  kit	  was	  that	  it	  required	  
‘completion	  in	  entirety’	  to	  function,	  without	  positive	  re-­‐enforcement	  throughout	  the	  construction	  
process.	  This	  feedback	  process	  would	  also	  reduce	  the	  instructions	  required	  and	  offer	  a	  friendlier	  
user	  experience.	  
It	  was	  observed	  that	  participants	  were	  regimented	  in	  laying	  out	  the	  Bee	  Lab	  kit	  and	  identifying	  
components	  one	  by	  one	  (Figure	  219).	  It	  was	  also	  observed	  that	  this	  was	  not	  a	  trait	  brought	  about	  by	  
the	  kit’s	  design,	  but	  by	  the	  participants.	  The	  assembly	  process	  was	  very	  structured	  through	  the	  
technicians’	  advice.	  Participants	  found	  it	  hard	  to	  identify	  resistors	  and	  some	  of	  the	  simpler	  electronic	  
components.	  For	  future	  work,	  cheaper	  componentry	  could	  be	  surface	  mounted	  into	  the	  PCB,	  
reducing	  the	  possibility	  of	  part	  misidentification	  leading	  to	  ineffective	  products	  and	  user	  
frustrations.	  Surface	  mounting	  the	  components	  could	  also	  reduce	  the	  ‘open-­‐ness’	  as	  it	  would	  reduce	  
where	  the	  parts	  could	  be	  built.	  For	  the	  purposes	  of	  the	  project,	  the	  ‘open-­‐ness’	  concerns	  
accessibility.	  As	  long	  as	  the	  kit	  components	  are	  accessible,	  then	  it	  still	  remains	  within	  the	  Open	  
Design	  territory.	  Any	  design	  changes	  or	  improvements	  have	  been	  considered	  for	  the	  best	  output	  of	  
the	  project,	  i.e.	  the	  user	  experience	  and	  the	  repeat	  functionality	  of	  the	  Bee	  Lab	  kit.	  
7.21 Bee	  Lab	  Hackathon	  Results:	  Analysis	  of	  Kit	  Functionality	  
The	  participants	  were	  critical	  of	  the	  predicted	  kit	  battery	  life.	  The	  battery	  life,	  based	  on	  one	  reading	  
every	  60	  minutes,	  was	  two	  months;	  this	  was	  down	  to	  the	  prototype	  nature	  of	  the	  kit	  and	  the	  
development	  of	  the	  code.	  The	  participants	  wanted	  to	  explore	  the	  opportunity	  of	  solar	  power	  but	  it	  
was	  identified	  that	  this	  would	  raise	  the	  overall	  cost	  of	  the	  kits	  and	  not	  be	  applicable	  for	  half	  of	  the	  
participants	  as	  their	  hives	  were	  in	  very	  reduced	  sunlight	  locations.	  Rechargeable	  power	  supplies	  
were	  also	  an	  option	  but	  they	  needed	  to	  be	  readily	  available	  for	  repair,	  according	  to	  Jalopy’s	  Makers’	  
Bill	  of	  Rights	  (Jalopy,	  Torrone	  et	  al.	  2005).	  If	  the	  unit	  could	  self-­‐harvest	  its	  own	  energy,	  it	  would	  be	  
advantageous,	  but	  the	  cost	  of	  the	  kit	  would	  still	  remain	  within	  the	  one-­‐hundred	  pound	  price	  bracket.	  
The	  kit’s	  standard	  operating	  defaults	  meant	  all	  sensor	  metrics	  were	  recorded	  onto	  an	  internal	  SD	  
card	  every	  sixty	  minutes.	  Alternatively,	  a	  button	  (internal	  to	  the	  IP	  housing)	  also	  allowed	  the	  user	  to	  
take	  a	  data	  reading	  at	  the	  apiary	  site.	  Once	  the	  reading	  button	  was	  depressed,	  the	  LCD	  would	  
display	  current	  values	  and	  record	  that	  data.	  During	  the	  beekeeper’s	  next	  visit	  to	  his	  apiary	  and	  the	  
Bee	  Lab	  kit,	  the	  beekeeper	  could	  depress	  the	  button	  again	  and,	  not	  only	  would	  a	  live	  reading	  appear	  
on	  the	  LCD,	  but	  the	  last	  ‘button	  taken	  reading’	  would	  appear	  in	  parallel.	  This	  functionality	  meant	  
that	  the	  beekeepers	  could	  attain	  instant	  feedback	  alongside	  the	  regular	  readings	  gathered	  on	  the	  SD	  
card.	  	  
The	  LCD	  provided	  two	  functions:	  
1. Live	  and	  previous	  sensor	  readings	  of:	  hive	  weight,	  temperature,	  humidity	  and	  feeder	  weight.	  
2. Battery	  life	  estimation	  translated	  into	  estimated	  days.	  
All	  of	  the	  participants	  commented	  positively	  on	  the	  live	  readings	  at	  the	  apiary	  site	  and	  that	  they	  
compared	  them	  to	  the	  last	  live	  metric	  ‘reading’.	  This	  meant	  that	  they	  could	  attain	  instant	  feedback	  
at	  the	  site	  of	  the	  apiary	  without	  relying	  on	  subsidiary	  equipment.	  	  
During	  the	  Hackathon,	  the	  participants	  discussed	  and	  decided	  against	  the	  use	  of	  the	  pressure	  
sensors	  as	  they	  were	  hard	  to	  deploy	  and	  could	  easily	  get	  tangled.	  One	  participant	  did	  comment	  that	  
they	  would	  not	  mind	  permanently	  fitting	  them	  within	  the	  hive’s	  timber,	  but	  that	  this	  would	  require	  a	  
redesign	  of	  the	  kit.	  This	  intervention	  would	  also	  require	  all	  participants	  to	  specifically	  adapt	  their	  
hives,	  something	  that	  could	  prove	  detrimental	  to	  participant	  motivation.	  All	  of	  the	  participants	  were	  
willing	  to	  trial	  the	  pressure	  sensors,	  but	  they	  theorised	  that	  they	  would	  decrease	  their	  productivity,	  
not	  increase	  it.	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Figure	  220,	  LCD	  verifying	  function	  when	  turned	  on	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  221,	  LCD	  verifying	  internal	  temperature	  
The	  fully	  disassembled	  kits	  required	  a	  lot	  of	  work	  for	  users	  to	  assemble.	  Future	  developments	  of	  the	  
kits	  require	  ‘mini	  goals’	  for	  assembly	  so	  that	  participants	  feel	  a	  greater	  sense	  of	  achievement	  during	  
the	  course	  of	  construction.	  The	  “Ikea	  effect”	  was	  observed	  as	  participants	  did	  comment	  on	  the	  
satisfaction	  that	  they	  felt	  during	  and	  after	  the	  construction	  of	  their	  Bee	  Lab	  Kit	  (Michael	  I.	  et	  al.	  
2011,	  21).	  
During	  and	  after	  the	  construction	  of	  the	  kits,	  the	  participants	  were	  asked	  where	  they	  would	  place	  
the	  sensors	  they	  had	  just	  created.	  Whilst	  researchers	  knew	  locations	  to	  optimise	  their	  performance	  
it	  was	  also	  important	  to	  make	  sure	  that	  individual	  participants’	  thoughts	  aligned	  and	  were	  explored.	  
Participants	  wanted	  to	  place	  the	  temperature	  and	  humidity	  sensor	  in	  the	  brood	  box,	  “where	  new	  
bees	  are	  produced.	  Brood	  is	  the	  collective	  name	  given	  to	  anything	  from	  eggs	  to	  larvae	  to	  unmerged	  
bees”	  (Davies	  2007,	  19).	  The	  main	  problems	  with	  placing	  the	  sensors	  is	  that	  they	  are	  connected	  via	  
wires	  and,	  if	  they	  are	  placed	  between	  the	  brood	  box	  and	  the	  ‘supers’	  above,	  they	  will	  either	  form	  a	  
gap	  between	  the	  hive,	  reducing	  the	  internal	  heat	  and	  causing	  unnecessary	  activity,	  or	  require	  a	  wire	  
groove	  to	  be	  cut	  into	  the	  hive.	  Participants	  were	  unwilling	  to	  cut	  into	  the	  main	  body	  of	  their	  hives,	  
but	  could	  see	  the	  benefit.	  	  
Ribbon	  wire	  and	  insulation	  tape	  to	  close	  gaps	  (created	  by	  wires)	  were	  discussed	  with	  participants	  
but	  they	  thought	  it	  would	  create	  complexity	  during	  hive	  inspections.	  International	  beehives	  (a	  brand	  
of	  hive)	  are	  often	  made	  from	  cedar	  and	  are	  easy	  saw	  into;	  however,	  they	  are	  expensive.	  The	  project	  
stakeholders	  wanted	  to	  reduce	  any	  special	  treatment	  or	  cutting	  into	  hives	  as	  it	  would	  put	  off	  
potential	  participants	  and	  possibly	  affect	  their	  colonies.	  Many	  sensor	  positions	  to	  produce	  accurate,	  
informative	  data	  were	  discussed.	  The	  participants	  realised	  that	  there	  needed	  to	  be	  a	  standard	  
practice	  of	  deploying	  the	  sensors	  to	  create	  an	  alignment	  in	  the	  subsequent	  results.	  	  
The	  load	  cell	  (measuring	  the	  hive’s	  weight)	  also	  brought	  discussion	  as	  participants	  were	  anxious	  
about	  fitting	  it	  accurately.	  The	  participants	  were	  worried	  about	  the	  capacity	  of	  the	  load	  cell	  only	  
being	  50	  kg.	  Many	  beehives	  will	  go	  up	  to	  100	  kg	  during	  the	  height	  of	  summer.	  The	  weight	  of	  the	  hive	  
during	  the	  winter	  months	  is	  of	  more	  interest	  to	  the	  beekeeper	  as	  it	  is	  harder	  to	  inspect.	  The	  50	  kg	  
load	  cell	  was	  specified	  as	  it	  was	  cheaper	  and,	  during	  the	  previous	  ethnography	  study,	  participants	  
had	  stated	  they	  were	  only	  interested	  in	  the	  weight	  of	  the	  hive	  during	  the	  winter	  months,	  when	  the	  
hive	  is	  lighter.	  
7.22 Bee	  Lab	  Hackathon:	  Results	  Summary	  
The	  Hackathon	  determined	  that	  the	  appropriate	  sensor	  applications	  (temperature,	  humidity	  and	  
hive	  weight)	  had	  been	  considered	  within	  the	  kit.	  The	  pressure	  sensors,	  measuring	  the	  internal	  hive	  
feeder,	  show	  the	  difference	  in	  agendas	  that	  participants	  and	  organisations	  have.	  These	  elements	  
require	  further	  consideration.	  The	  prototyping	  nature	  of	  the	  workshop	  highlighted	  some	  clear	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developments	  to	  make	  it	  easier	  for	  lay	  users	  to	  construct,	  giving	  them	  attainment	  points	  throughout	  
the	  construction	  process.	  The	  Hackathon	  showed	  that	  there	  is	  the	  capability	  for	  lay	  users	  to	  
construct	  technology	  under	  the	  guidance	  of	  technicians.	  Future	  proposals	  need	  to	  distance	  the	  
technician/user	  relationship,	  either	  in	  the	  experience	  of	  the	  kit	  design	  or	  in	  the	  instructions	  required	  
to	  build	  it.	  All	  15	  of	  the	  Hackathon	  participants	  were	  interested	  in	  deploying	  the	  kits	  into	  their	  hives	  
and	  seeing	  the	  effects.	  
The	  Bee	  Lab	  kit	  was	  enabling	  to	  the	  participants	  in	  the	  Hackathon	  as	  they	  were	  able	  to	  assemble	  it	  
under	  the	  supervision	  of	  the	  technicians.	  The	  kit,	  however,	  took	  too	  long	  for	  the	  participants	  to	  
solder	  together.	  This	  demonstrated	  that	  pre-­‐soldered	  parts	  and	  assemblies	  would	  be	  required	  in	  
future	  versions.	  The	  kit	  did	  enable	  participants	  to	  monitor	  their	  hives	  but	  the	  largest	  problem	  was	  
the	  process	  not	  ‘self-­‐diagnosing’	  the	  kit’s	  construction,	  i.e.	  reporting	  directly	  to	  the	  user	  or	  removing	  
the	  need	  for	  lay	  users	  to	  assemble	  the	  kit	  from	  scratch.	  	  
7.23 Bee	  Lab	  Hackathon	  (Discussion):	  Design	  Context	  
As	  Roy	  et	  al	  highlight	  in	  Understanding	  Citizen	  Science	  and	  Environmental	  Monitoring,	  Citizen	  
Science	  requires	  the	  uptake	  and	  active	  participation	  of	  volunteers,	  with	  their	  motivations	  differing	  
widely	  (Roy,	  H.E.	  et	  al.	  2012,	  11).	  The	  practice	  of	  Open	  Design	  requires	  the	  motivation	  of	  
contributors,	  either	  through	  personally	  benefiting	  or	  contributing	  to	  a	  wider	  community	  goal.	  
According	  to	  French	  sociologist	  Marcel	  Mauss,	  “[t]here	  are	  three	  main	  obligations:	  to	  give,	  receive	  
and	  reciprocate”	  (Mauss	  1990,	  10).	  Participants	  in	  Citizen	  Science	  activities	  give	  their	  time	  and	  
potentially	  receive	  either	  accreditation	  or	  knowledge,	  and	  reciprocate	  gathered	  data.	  	  
	  
In	  Dusting	  for	  Science:	  Motivation	  and	  Participation	  of	  Digital	  Science	  Volunteers,	  Nov	  et	  al	  highlight	  
that	  “the	  designers	  and	  leaders	  of	  such	  projects	  need	  to	  focus	  their	  recruitment	  and	  retention	  
efforts	  on	  motivational	  factors	  that	  are	  more	  salient	  and	  have	  a	  positive	  relation	  with	  intention	  and	  
participation”(Nov,	  Arazy	  et	  al.	  2011,	  72).	  The	  Citizen	  Science	  motivation	  survey	  of	  Jordan	  et	  al	  also	  
found	  a	  behavioural	  change	  in	  participants	  documenting	  plant	  types,	  increasing	  their	  knowledge	  and	  
engaging	  in	  more	  peer	  learning	  (Jordan,	  Gray	  et	  al.	  2011,	  1153).	  Previous	  literature	  and	  studies	  
denote	  that	  the	  design	  of	  a	  Citizen	  Science	  project	  can	  enhance	  participation	  and	  increase	  active	  
engagement.	  The	  following	  is	  a	  relevant	  methodology	  as	  it	  investigates	  what	  is	  required	  for	  
participants	  to	  engage	  in	  the	  Bee	  Lab	  kit.	  	  
7.24 Bee	  Lab	  Hackathon	  (Discussion):	  Questions	  
During	  the	  Hackathon,	  a	  discussion	  of	  the	  motivations	  for	  participation	  within	  the	  Bee	  Lab	  kit	  was	  
undertaken.	  The	  activity	  explored	  the	  following	  simple	  questions	  with	  the	  participants	  in	  a	  round-­‐
the-­‐room	  discussion	  style:	  	  
1) Why	  the	  participants	  kept	  bees	  	  
2) How	  they	  thought	  the	  technology	  they	  had	  assembled	  would	  be	  of	  use	  to	  them	  
3) Their	  opinion	  on	  donating	  Bee	  Lab	  kit	  data	  to	  the	  BBKA	  
4) Possible	  fears	  participants	  had	  from	  the	  project	  briefing	  and	  the	  session.	  
The	  discussion	  was	  conducted	  at	  the	  same	  time	  as	  a	  paper	  survey	  that	  participants	  completed.	  The	  
discussion	  was	  intended	  to	  fuel	  the	  survey	  feedback	  on	  the	  kit	  and	  vice	  versa,	  ensuring	  that	  
participants’	  contributions	  were	  not	  lost	  in	  translation.	  	  
7.25 Bee	  Lab	  Hackathon	  (Discussion):	  Method	  	  
After	  the	  Hackathon’s	  assembly	  process	  had	  been	  completed,	  the	  beekeepers	  evaluated	  the	  process	  
verbally,	  visually	  directing	  partners	  and	  completing	  a	  feedback	  form	  (Figure	  222).	  	  
The	  feedback	  form	  asked	  participants	  the	  following	  questions:	  
-­‐ Name	  and	  profession	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-­‐ How	  many	  years	  beekeeping	  experience	  do	  you	  have?	  
-­‐ How	  would	  you	  rank	  your	  making	  skills?	  (please	  circle)	  1	  2	  3	  4	  5	  6	  	  
-­‐ Do	  you	  think	  the	  kits	  will	  meet	  your	  needs?	  
-­‐ What	  are	  your	  favourite	  and	  least	  important	  features	  of	  the	  kits?	  
-­‐ Are	  there	  any	  missing	  features?	  
-­‐ What	  level	  of	  trust/scepticism	  do	  you	  have	  in	  sharing	  data	  with	  other	  beekeepers	  within	  the	  
project	  and	  the	  British	  Beekeeping	  Association	  (BBKA)?	  
-­‐ Do	  you	  foresee/expect	  problems	  with	  deploying	  the	  devices?	  
-­‐ How	  soon	  do	  you	  plan	  to	  deploy	  the	  device	  in	  your	  hive?	  
-­‐ Can	  you	  foresee	  yourself	  altering	  the	  tech	  and/or	  sharing	  their	  designs?	  
-­‐ Can	  you	  foresee	  sharing	  your	  own	  thoughts	  on	  bee	  blogs	  and	  reading	  others?	  
-­‐ Are	  you	  interested	  in	  attending/organising	  beekeeper	  meet	  ups	  or	  other	  similar	  activities	  going	  
forward?	  
-­‐ Would	  you	  promote	  kits	  to	  other	  known	  beekeepers?	  
-­‐ Any	  other	  comments?	  
	  
Figure	  222,	  Hackathon	  feedback	  form	  
The	  questions	  followed	  Bradburn’s	  questionnaire	  theories	  of	  “ask	  what	  you	  want	  to	  know,	  not	  
something	  else”	  (Bradburn,	  Sudman	  et	  al.	  2004,	  2).	  The	  questions	  drew	  from	  Milton	  et	  al,	  where	  
questions	  should	  “flow	  from	  the	  least	  sensitive	  to	  the	  most	  sensitive	  and	  from	  the	  general	  to	  the	  
specific”(Milton,	  A	  et	  al.	  2013,	  69).	  After	  the	  evaluation	  forms	  were	  completed,	  an	  open	  discussion	  
determining	  the	  placement	  of	  the	  Bee	  Lab	  kit	  sensors	  took	  place.	  The	  Hackathon	  was	  analysed	  by	  
Hammersley’s	  Ethnography	  practice	  of	  observing	  what	  participants	  actually	  do,	  not	  what	  they	  say	  
they	  do	  (Hammersley,	  Atkinson	  2007).	  The	  usability	  of	  assembly	  was	  assessed	  using	  TuDelft’s	  design	  
for	  usability	  toolkit	  (TuDelft	  2014).	  The	  main	  focus	  from	  the	  TuDelft	  usability	  toolkit	  was	  ensuring	  
that	  the	  Bee	  Lab	  kit	  “select[ed]	  the	  appropriate	  functionality”;	  this	  was	  measured	  by	  the	  feedback	  
participants	  were	  giving	  technicians,	  the	  feedback	  from	  their	  questionnaires	  and	  within	  the	  
discussion	  at	  the	  end	  of	  the	  session	  (TuDelft	  2014,	  8).	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7.26 Bee	  Lab	  Hackathon	  (Discussion):	  Method	  of	  Analysis	  
The	  results	  of	  the	  discussion	  were	  reviewed	  against	  the	  existing	  findings	  raised	  in	  the	  previous	  
workshops	  to	  see	  correlations.	  The	  previous	  findings	  included	  negative	  location	  information	  that	  
compromises	  beekeepers,	  individual	  data	  that	  participants	  are	  interested	  in	  gathering,	  donation	  
options	  for	  participants	  to	  be	  included	  in	  a	  wider	  conversation	  and	  validation	  of	  weight,	  temperature	  
and	  humidity	  data	  readings.	  The	  discussion	  provoked	  participants’	  opinions	  and	  verified	  them	  
against	  the	  BBKA’s	  criteria	  dictated	  in	  the	  poster	  workshop,	  the	  wider	  audience	  probe	  and	  the	  
ethnography	  study.	  The	  discussion	  took	  place	  after	  participants	  had	  assembled	  the	  kits	  for	  a	  more	  
subjective	  view	  of	  the	  project	  and	  its	  direction.	  
7.27 Bee	  Lab	  Hackathon	  (Discussion):	  Method	  Summary	  	  
The	  discussion	  and	  feedback	  of	  the	  session	  provided	  time	  for	  the	  participants	  to	  comment	  on	  the	  
motivating	  factors	  for	  participation	  in	  the	  Bee	  Lab	  kit.	  This	  simple	  discussion	  is	  important	  to	  inform	  
the	  next	  stages	  with	  relevant	  staged	  outputs	  and	  inputs	  for	  distributing	  Bee	  Lab	  kits.	  	  
7.28 Bee	  Lab	  Hackathon	  (Discussion):	  Results	  
After	  the	  soldering	  and	  kit	  construction	  session,	  participants	  formed	  a	  round	  table	  discussion	  to	  
feedback	  to	  technicians	  and	  researchers.	  The	  participants	  were	  then	  asked	  about	  the	  following:	  	  
1) Why	  the	  participants	  kept	  bees	  
2) How	  they	  thought	  the	  technology	  they	  had	  assembled	  would	  be	  of	  use	  to	  them	  
3) Their	  opinion	  on	  donating	  Bee	  Lab	  kit	  data	  to	  the	  BBKA	  
4) Possible	  fears	  participants	  had	  from	  the	  project	  briefing	  and	  the	  session.	  
	  
	  
Figure	  223,	  Sensor	  placement	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  224,	  Round	  table	  discussion	  	  	  
Bee	  Lab	  Hackathon	  (Discussion):	  Response	  to	  Question	  1	  
All	  of	  the	  participants	  responded	  that	  the	  financial	  gain	  of	  honey	  was	  not	  their	  sole	  rationale	  for	  
beekeeping.	  They	  were	  more	  engaged	  in	  beekeeping	  as	  an	  activity	  and	  the	  value	  that	  it	  added	  to	  
their	  surrounding	  environment.	  The	  topic	  expanded	  as	  four	  of	  the	  participants	  commented	  that	  it	  
was	  the	  “community	  aspect	  of	  beekeeping”	  that	  drew	  them	  to	  the	  practice.	  The	  community	  sharing	  
of	  knowledge	  and	  the	  continuous	  surprise	  of	  the	  insects	  was	  the	  main	  reason	  for	  keeping	  bees,	  
reinforced	  by	  ten	  of	  the	  beekeepers.	  
Bee	  Lab	  Hackathon	  (Discussion):	  Response	  to	  Question	  2	  	  
The	  participants	  commented	  that	  they	  liked	  the	  potential	  of	  what	  the	  kits	  would	  offer	  to	  their	  
beekeeping	  once	  deployed.	  The	  sensory	  systems	  that	  were	  removed	  from	  the	  Hackathon	  kit	  
included	  cameras,	  CO2,	  external	  temperature	  and	  weather	  stations.	  These	  tools	  reoccurred	  in	  the	  
discussion.	  The	  participants	  were	  interested	  in	  documenting	  acoustic	  feedback	  from	  their	  hives.	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When	  asked	  why,	  they	  responded	  with	  ‘because	  they	  would	  be	  interested	  to	  see	  changes	  and	  
possible	  signs	  of	  swarming’.	  These	  elements	  were	  discussed	  and	  technicians/researchers	  explained	  
that	  they	  were	  removed	  from	  the	  kit	  due	  to	  complexity	  and	  additional	  costs	  (Figure	  220).	  
CO2	  sensors	  were	  also	  discussed.	  The	  technicians	  described	  the	  complications	  of	  accurately	  
calibrating	  the	  sensors.	  The	  options	  open	  to	  the	  team	  were	  either	  lay	  user	  calibrated	  CO2	  sensors	  or	  
they	  were	  acquired	  pre-­‐calibrated	  (very	  expensive)	  and	  could	  exclude	  future	  participants.	  During	  the	  
discussion,	  participants	  were	  not	  willing	  to	  pay	  in	  excess	  of	  40	  pounds	  sterling	  for	  a	  pre-­‐calibrated	  
CO2	  sensor.	  
Bee	  Lab	  Hackathon	  (Discussion):	  Response	  to	  Question	  3	  
The	  participants	  understood	  that	  the	  data	  they	  were	  accruing	  was	  not	  only	  of	  primary	  interest	  to	  
them	  but	  also	  to	  wider	  audiences.	  During	  the	  discussion	  (Figure	  221),	  10	  out	  of	  the	  15	  participants	  
stated	  they	  were	  not	  interested	  in	  the	  financial	  gain	  of	  selling	  their	  data	  from	  the	  Bee	  Lab	  kit.	  When	  
asked	  if	  they	  would	  see	  monetary	  value	  in	  their	  data	  stockpile,	  one	  participant	  commented	  “it	  is	  only	  
of	  value	  over	  a	  larger	  period	  of	  time”.	  	  
At	  the	  workshop,	  two	  of	  the	  participants	  expressed	  instant	  interest	  in	  sharing	  their	  data	  in	  the	  hope	  
of	  getting	  a	  greater	  understanding	  of	  happenings	  within	  their	  apiaries’	  wider	  location,	  i.e.	  five	  to	  ten	  
miles	  away	  from	  hives.	  When	  the	  participants	  were	  shown	  the	  Timestreams	  system	  for	  cataloguing	  
data,	  they	  became	  interested	  in	  being	  able	  to	  see	  neighbours’	  hive	  activity.	  The	  beekeepers	  
discussed	  that	  they	  already	  keep	  hive	  records	  through	  analogue	  annotation.	  Some	  of	  the	  
participants	  recorded	  their	  hive	  inspections	  via	  voiceovers	  either	  on	  smart	  phones	  or	  Dictaphones	  so	  
they	  could	  inspect	  the	  hive	  at	  speed	  and	  then	  write	  up	  the	  notes	  later.	  The	  participants	  were	  
interested	  in	  the	  concept	  of	  having	  ‘digital	  hive	  records’.	  One	  of	  the	  participants	  was	  interested	  in	  
the	  data	  visualisation	  and	  the	  possible	  use	  and	  value	  that	  this	  could	  add	  to	  selling	  more	  of	  their	  
honey.	  
Bee	  Lab	  Hackathon	  (Discussion):	  Response	  to	  Question	  4	  
The	  participants	  were	  fearful	  of	  the	  possible	  ‘effects’	  that	  wireless	  transmitters	  and	  receivers	  could	  
have	  on	  their	  colonies.	  They	  understood	  that	  Wi-­‐Fi	  was	  not	  part	  of	  the	  current	  kit	  they	  had	  tested	  
during	  the	  day	  but	  that	  it	  could	  extend	  this	  capability	  in	  time.	  The	  participants	  were	  worried	  about	  
who	  the	  gatekeepers	  to	  the	  data	  were.	  They	  were	  concerned	  about	  data	  making	  them	  publicly	  
reviewed	  as	  either	  bad	  or	  neglectful	  beekeepers.	  The	  participants	  fully	  understood	  that	  the	  kit	  for	  
data	  purposes	  would	  be	  of	  more	  use	  over	  a	  period	  of	  time	  and	  not	  instantaneously.	  The	  participants	  
were	  not	  concerned	  about	  the	  cost	  of	  the	  kit,	  they	  understood	  that	  it	  was	  very	  reasonable	  for	  what	  
they	  were	  getting.	  The	  discussion	  evolved	  to	  ‘would	  they	  buy	  it’	  if	  the	  option	  was	  outside	  the	  
project;	  this	  met	  with	  a	  mixed	  response,	  with	  participants	  unwilling	  to	  commit	  answers	  as	  the	  kit	  
was	  understood	  by	  all	  to	  be	  a	  prototype.	  
7.29 Bee	  Lab	  Hackathon	  (Discussion):	  Feedback	  Forms	  
During	  the	  Hackathon	  discussion	  methodology,	  the	  questions	  were	  asked	  within	  feedback	  forms	  for	  
participants	  to	  appraise	  the	  kits.	  The	  feedback	  forms	  left	  out	  of	  the	  results	  were	  simply	  yes	  and	  no	  
answers	  praising	  the	  project.	  10	  out	  of	  the	  15	  participants	  praised	  what	  the	  project	  was	  trying	  to	  
achieve	  with	  feedback	  for	  educational	  alliances	  with	  local	  schools	  and	  community	  groups.	  Whilst	  the	  
project	  partners	  are	  interested	  in	  positive	  praise	  of	  the	  project,	  such	  praise	  is	  not	  insightful	  for	  its	  
improvement	  or	  development.	  Ten	  of	  the	  participants	  praised	  the	  project	  for	  its	  direction	  and	  for	  
addressing	  a	  real	  need	  in	  their	  beekeeping	  community.	  The	  feedback	  forms	  were	  discussed	  with	  
participants	  so	  they	  could	  expand	  on	  answers	  verbally.	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  212	  of	  265	  
	  
Figure	  225,	  De-­‐moralising	  feedback	  	  
One	  of	  the	  participants	  comments	  found	  the	  soldering	  ‘demoralising’	  (Figure	  225).	  This	  is	  a	  harsh	  
finding	  but	  is	  a	  critical	  consideration	  as	  the	  participant	  had	  technical	  support	  to	  assemble	  the	  kit,	  
and	  was	  not	  in	  an	  isolated	  or	  domestic	  setting.	  When	  the	  form	  was	  discussed	  with	  the	  participant,	  
she	  really	  enjoyed	  the	  Hackathon,	  but,	  even	  with	  technical	  support,	  she	  felt	  demoralised	  by	  the	  
complexity	  of	  the	  existing	  kit.	  This	  is	  a	  critical	  result	  because	  if	  the	  kit	  was	  completed	  in	  isolation	  
(without	  technicians),	  more	  participants	  could	  become	  demoralised.	  
	  
Figure	  226,	  ‘Time	  consumption’	  feedback	  
A	  different	  participant	  raised	  the	  issue	  of	  ‘time	  consumption’	  (Figure	  226).	  When	  the	  insight	  was	  
discussed	  with	  the	  participant,	  he	  said	  he	  was	  interested	  in	  cataloguing	  activity	  and	  anomalies	  but	  
that	  ‘time	  consumption’	  was	  a	  heavy	  factor.	  	  
	  
Figure	  227,	  ‘Trust’	  feedback	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One	  participant	  did	  comment	  on	  the	  level	  of	  trust	  that	  is	  required	  from	  the	  project	  partners	  (Figure	  
227).	  When	  this	  comment	  was	  discussed	  with	  the	  participant,	  he	  commented	  that	  he	  trusted	  the	  
charitable	  organisation	  (the	  BBKA),	  but	  was	  apprehensive	  about	  how	  others	  might	  use	  the	  same	  
data.	  When	  it	  was	  highlighted	  to	  the	  participant	  that	  he	  was	  in	  complete	  control	  of	  sharing	  and	  the	  
quantity	  he	  could	  share,	  the	  participant	  felt	  at	  ease.	  The	  author	  discussed	  the	  notion	  of	  ‘data’	  with	  
the	  participant,	  who	  divulged	  that	  he	  considered	  the	  sharing	  of	  data	  similar	  to	  phone	  hacking	  
scandals	  that	  were	  in	  the	  news	  at	  the	  time	  of	  the	  workshop.	  These	  comments	  highlight	  the	  clarity	  
which	  future	  proposals	  need	  to	  take	  when	  concerning	  data	  sharing	  and	  its	  granularity.	  
	  
Figure	  228,	  ‘Very	  valuable	  day’	  feedback	  
Overall,	  the	  Hackathon	  participants’	  feedback	  echoed	  (Figure	  228)	  that	  they	  found	  the	  day	  valuable	  
and	  enjoyed	  participating	  in	  the	  study.	  The	  participating	  beekeepers	  found	  the	  Hackathon	  
productive	  and	  valuable	  to	  their	  beekeeping	  practice.	  
7.30 Bee	  Lab	  Hackathon	  (Discussion):	  Results	  Summary	  
The	  discussion	  identified	  that	  monitoring	  the	  weight	  of	  the	  hive,	  the	  temperature	  and	  humidity	  is	  a	  
good	  base	  line	  for	  the	  kit.	  The	  participants	  understood	  the	  concept	  that	  the	  kit	  could	  expand	  and	  
grow	  with	  more	  functionality	  over	  time.	  The	  adding	  of	  a	  lot	  of	  extra	  sensors	  would	  dramatically	  
increase	  the	  cost.	  The	  participants	  were	  happy	  to	  share	  their	  data,	  as	  long	  as	  there	  was	  no	  ‘specific	  
location’	  information	  that	  could	  compromise	  their	  apiary.	  The	  participants	  highlighted	  the	  need	  for	  
utter	  clarification	  on	  what	  ‘data’	  was	  being	  shared	  as	  it	  is	  an	  ambiguous	  term	  that	  has	  many	  
different	  connotations	  from	  the	  media.	  The	  participants	  were	  happy	  to	  share	  data	  with	  an	  
organisation	  like	  the	  BBKA	  but	  they	  were	  fearful	  of	  alternate	  uses.	  The	  participants	  were	  interested	  
in	  the	  possibilities	  that	  the	  project	  could	  provide	  and	  interested	  in	  future	  proposals.	  
7.31 Bee	  Lab	  Hackathon	  (Entire):	  Results	  Summary	  	  
The	  Bee	  Lab	  Hackathon	  tested	  first-­‐hand	  the	  viability	  and	  tangibility	  of	  users	  assembling	  their	  own	  
technical	  monitoring	  devices.	  The	  evaluation	  methods	  for	  the	  Bee	  Lab	  kit	  were	  researcher	  and	  
technician	  observations,	  verbal	  feedback	  from	  the	  participating	  beekeepers	  during	  kit	  construction,	  
evaluation	  forms	  and	  an	  open	  discussion.	  The	  design	  of	  the	  day	  and	  execution	  guided	  participants	  
through	  a	  series	  of	  stages	  and	  issued	  relevant	  information.	  The	  Hackathon	  also	  highlighted	  issues,	  
warranting	  the	  research	  process	  using	  live	  first-­‐hand	  methodologies.	  The	  Hackathon	  was	  enabling	  to	  
participants	  but	  mainly	  by	  providing	  participants	  with	  the	  means	  to	  see	  the	  potential	  of	  what	  they	  
could	  achieve.	  The	  Hackathon	  did	  make	  tangible	  outcomes	  that	  participants	  could	  deploy	  but	  they	  
all	  required	  help	  with	  assembly	  during	  the	  kit’s	  construction.	  For	  wider	  audiences	  to	  participate,	  
either	  the	  construction	  element	  needs	  to	  be	  removed	  or	  constructional	  stages	  communicating	  back	  
to	  the	  user	  needs	  to	  be	  verified.	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Study	  7,	  Bee	  lab	  Deployment	  (What	  are	  the	  Key	  Factors	  to	  Consider	  in	  Achieving	  
a	  Successful	  Outcome	  to	  the	  Bee	  Lab	  Kit,	  Specifically	  in	  Developing	  an	  Open	  Design	  Citizen	  
Science	  Tool	  for	  Bee	  Hive	  Monitoring?)	  
7.32 Bee	  Lab	  Deployment	  Method:	  Objective	  
The	  Bee	  Lab	  Kit’s	  feedback	  from	  the	  Hackathon	  required	  further	  in	  house	  testing,	  addressing	  the	  
issues	  of	  battery	  performance,	  assembly	  and	  development	  of	  components.	  The	  deployment’s	  
objective	  was	  to	  beta	  test	  the	  Bee	  Lab	  Kit	  with	  four	  Hackathon	  participants	  receiving	  their	  feedback	  
prior	  to	  larger	  scale	  deployment.	  The	  Bee	  Lab	  deployment	  had	  three	  stages:	  1)	  local	  deployment	  
with	  Hackathon	  attendees,	  2)	  development	  and	  redeployment	  and	  3)	  final	  recruitment	  and	  national	  
deployment.	  Each	  stage	  presented	  methodological	  approaches,	  rationales	  and	  provided	  feedback	  to	  
researchers	  through	  site	  visits.	  All	  of	  the	  stages	  align	  developing	  with	  each	  new	  stage.	  The	  Bee	  Lab	  
kit’s	  development	  has	  headed	  stakeholder	  and	  user	  feedback	  through	  continuous	  dialogue	  using	  an	  
iterative	  design	  process.	  	  	  
The	  deployment	  combined	  deployment,	  live	  user	  testing	  and	  public	  engagement	  to	  assess	  the	  
project.	  The	  deployment	  is	  also	  about	  feedback	  and	  development	  and	  not	  just	  research	  through	  
proposal	  deployment.	  The	  Bee	  Lab	  development	  implemented	  Curedale’s	  design	  process:	  “testing	  
prototypes	  with	  stakeholders,	  get	  feedback	  from	  people,	  refine	  the	  prototypes,	  test	  again,	  build	  in	  
the	  feedback	  and	  refine	  again”	  (Curedale	  2013,	  8).	  
7.33 Bee	  Lab	  Deployment:	  Methodological	  Limitation	  
The	  study	  was	  restricted	  to	  the	  United	  Kingdom	  due	  to	  cost	  constraints,	  and	  participants	  responded	  
to	  the	  recruitment	  processes.	  	  
7.34 Bee	  Lab	  Deployment	  Method:	  Study	  Group	  
The	  study	  group	  self-­‐selected	  to	  participate	  after	  attending	  the	  Hackathon	  and	  ranged	  from	  18-­‐80,	  
both	  male	  and	  female.	  	  
7.35 Bee	  Lab	  Deployment	  Method:	  	  1)	  Local	  Deployment	  with	  Hackathon	  Attendees	  
The	  Bee	  Lab	  kits	  were	  performance-­‐validated	  after	  the	  Hackathon	  by	  partners	  TWSU	  prior	  to	  
deployment.	  Temperature	  and	  humidity	  sensors	  were	  tested	  by	  technicians	  taking	  readings	  inside	  
and	  outside	  the	  studio	  over	  three	  days;	  a	  thermometer	  correlated	  sensors’	  readings.	  The	  load	  cell	  
and	  pressure	  sensor’s	  function	  was	  validated	  by	  applying	  load	  and	  documenting	  the	  response,	  over	  
three	  days.	  This	  validation	  process	  of	  a	  participant’s	  Bee	  Lab	  kit	  assembly	  could	  have	  been	  
conducted	  within	  a	  fabrication	  laboratory.	  The	  post-­‐Hackathon	  validation	  did	  two	  things:	  ensured	  
the	  quality	  of	  the	  Bee	  Lab	  kit	  and	  also	  provided	  technicians	  with	  a	  point	  to	  troubleshoot	  problems.	  
Insights	  were	  taken	  from	  live	  studio	  testing	  conducted	  by	  technology	  partners	  Horizon	  and	  TWSU	  
and	  Hackathon	  results	  of	  participants	  wanting	  to	  see	  live	  data	  at	  the	  apiary	  site.	  After	  the	  
Hackathon,	  the	  participants	  deployed	  their	  Bee	  Lab	  kits	  in	  their	  own	  active	  hives.	  	  
	  
The	  deployment	  of	  the	  kits	  within	  the	  participant’s	  hives	  followed	  Cheverst	  et	  al’s	  deployment	  
rationales	  of	  contextualising	  project	  settings	  and	  prolonging	  deployment	  (Cheverst,	  Taher	  et	  al.	  
2012,	  3).	  The	  deployment	  period	  was	  six	  months.	  To	  ensure	  accurate	  deployment,	  researchers	  
attended	  the	  initial	  fittings	  of	  the	  Bee	  Lab	  kit	  (Figure	  226).	  Participants	  had	  blog	  access	  to	  their	  
Timestreams	  account	  for	  commentary,	  data	  documentation	  and	  results	  sharing	  within	  the	  closed	  
Hackathon	  group	  of	  participants.	  Participants	  had	  continuous	  email	  contact	  with	  the	  author	  and	  
ethnographic	  observations	  were	  conducted	  where	  possible,	  gauging	  the	  Bee	  Lab	  kits’	  use.	  
Participants	  were	  encouraged	  to	  document	  the	  process	  through	  photography	  and	  annotation.	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Figure	  229,	  Deploying	  a	  Bee	  Lab	  Kit	  with	  Hackathon	  participant	  M	  
7.36 Redesign	  of	  Bee	  Lab	  Kit	  (V2)	  
The	  redesign	  of	  the	  kit	  used	  the	  assembly	  and	  manufacturing	  experience	  of	  the	  partner	  TWSU;	  they	  
are	  experienced	  in	  running	  public	  facing	  technology	  workshops	  for	  schools	  and	  advanced	  
technologists.	  TWSU	  is	  also	  a	  distributer/retailer	  of	  their	  own	  technology	  kits.	  	  
	  
In	  Some	  Reflections	  on	  Designing	  Construction	  Kits	  for	  Kids,	  Resnick	  et	  al	  describes	  the	  importance	  of	  
“hands-­‐on	  learning”	  and,	  more	  importantly,	  “learning-­‐through-­‐designing”	  (Resnick,	  Silverman	  2005,	  
118).	  The	  redesign	  of	  the	  kit	  incorporated	  changes	  as	  the	  process	  drew	  from	  Resnick	  et	  al’s	  practice	  
of	  learning	  through	  designing	  and	  specifically	  testing.	  In	  Pianos	  not	  Stereos,	  Resnick	  et	  al	  describe	  
that	  “construction	  kits	  and	  activities	  should	  connect	  users’	  interests,	  passions,	  and	  experiences”;	  the	  
Bee	  Lab	  kit	  achieves	  this	  through	  the	  relationship	  the	  beekeepers	  have	  with	  their	  bees	  (Resnick,	  
Bruckman	  et	  al.	  1996,	  42).	  The	  redesign	  of	  the	  Bee	  Lab	  kit	  drew	  on	  Mellis	  et	  al’s	  practice	  of	  using	  
Personal	  Fabrication	  for	  Electronic	  Products,	  forming	  links	  with	  education	  and	  creating	  the	  
possibilities	  of	  lay	  users	  assembling	  their	  own	  electronic	  goods	  (Mellis,	  Buechley	  2012,	  9).	  	  
7.37 Redesign	  of	  Bee	  Lab	  kit	  (V1):	  Sticking	  Points	  
During	  the	  Hackathon,	  participants	  took	  too	  long	  to	  assemble	  the	  kits,	  without	  the	  kits	  self-­‐
validating	  their	  construction.	  The	  kits	  were	  redesigned	  based	  on	  two	  parameters:	  the	  user	  
experience	  and	  the	  ease	  of	  assembly.	  The	  kit	  previously	  relied	  on	  users	  soldering	  everything.	  Whilst	  
this	  meant	  that	  future	  participants	  could	  purchase	  all	  of	  the	  individual	  parts	  off-­‐the-­‐shelf,	  it	  was	  not	  
a	  positive	  user	  experience.	  This	  method	  of	  100%	  user	  construction	  also	  held	  a	  high	  failure	  rate	  for	  
lay	  users.	  This	  approach	  does	  raise	  the	  question	  of	  ‘how	  open	  products	  need	  to	  be	  made’.	  If	  
products	  are	  totally	  ‘open’,	  they	  are	  also	  subject	  to	  failure	  without	  validation	  procedures.	  The	  
relationship	  of	  skill	  and	  design	  become	  intertwined.	  At	  some	  point,	  the	  design	  has	  to	  be	  restricted	  to	  
ensure	  that	  a	  positive	  product	  is	  achieved	  by	  a	  lay	  user.	  
7.38 Redesign	  of	  Bee	  Lab	  kit:	  Redesigned	  Electronic	  Elements	  (V2)	  
The	  kit’s	  design	  was	  informed	  by	  participants	  struggling	  with	  assembly	  during	  the	  Hackathon.	  This	  
was	  not	  due	  to	  lack	  of	  instruction	  or	  technical	  support,	  but	  simply	  the	  time	  it	  took	  participants	  to	  
assemble	  and	  solder.	  This	  assembly	  sticking	  point	  informed	  the	  project	  to	  use	  a	  pick	  and	  place	  circuit	  
board	  manufacturer	  rather	  than	  individuals	  soldering	  the	  entire	  board.	  This	  developed	  the	  project	  as	  
participants	  would	  only	  assemble	  final	  components,	  distancing	  construction	  but	  avoiding	  
frustrations	  and	  subsequently	  raising	  the	  quality	  of	  the	  project	  and	  the	  data.	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The	  kit’s	  battery	  life	  was	  extended	  through	  revisions	  in	  coding	  provided	  by	  the	  partner	  TWSU.	  The	  
battery	  life	  was	  also	  increased	  by	  reducing	  the	  ‘wakeup’	  procedures	  in	  taking	  metric(s)	  readings	  of	  
weight,	  temperature	  and	  humidity	  every	  two	  hours.	  The	  remaining	  kit	  (1)	  elements	  remained	  the	  
same.	  
7.39 Redesign	  of	  Bee	  Lab	  Kit:	  Load	  Cell	  Cradle	  
One	  result	  from	  the	  Hackathon	  was	  overlooking	  the	  load	  cell	  placement.	  In	  the	  defence	  of	  the	  
project,	  the	  Hackathon	  wanted	  to	  find	  where	  participants	  wanted	  to	  fit	  the	  load	  cell	  and	  if	  they	  
would	  use	  it	  for	  other	  purposes	  during	  project	  deployment.	  Options	  were	  considered	  prior	  to	  the	  
kits’	  deployment.	  Materials	  and	  manufacturing	  processes	  were	  considered	  for	  the	  load	  cell	  cradle,	  
aligning	  with	  Jalopy’s	  Maker’s	  Bill	  of	  Rights	  (Jalopy,	  Torrone	  et	  al.	  2005,	  1).	  The	  load	  cell	  cradle	  had	  
to	  be	  producible	  by	  either	  digital	  fabrication	  accessible	  online	  or	  in	  a	  local	  fablab,	  or	  a	  handmade	  
alternative	  with	  conventional	  wood	  working	  tools:	  a	  hand	  saw,	  drill,	  measuring	  tools	  and	  limited	  drill	  
bits.	  The	  cradle	  also	  needed	  to	  be	  editable	  by	  the	  end	  user	  if	  the	  user’s	  hive	  stand	  had	  abnormalities.	  
	  
The	  re-­‐design	  of	  the	  cradle	  started	  reviewing	  sheet	  metal	  practices	  due	  to	  its	  durability,	  strength,	  
longevity	  and	  weight	  ratio.	  Sheet	  metal	  fabrications	  would	  have	  required	  either	  digital	  fabrication	  or	  
the	  need	  for	  specialist	  dyes	  to	  be	  created.	  Timber	  is	  more	  commonly	  available,	  more	  adjustable	  with	  
hand	  tools	  and	  is	  cheaper	  to	  reproduce	  in	  low	  volumes.	  Hives,	  particularly	  the	  national	  hive,	  are	  
made	  from	  cedar,	  a	  softwood	  which	  is	  good	  for	  insulating	  the	  colony.	  Beech,	  a	  hardwood,	  was	  
selected	  for	  the	  cradle	  as	  it	  is	  available	  at	  timber	  suppliers.	  A	  hardwood	  will	  also	  survive	  outdoor	  
elements	  with	  minimal	  distortion	  (Figure	  230).	  The	  cradle	  was	  designed	  to	  accommodate	  hive	  
stands	  that	  are	  conventionally	  constructed	  out	  of	  2	  x	  4	  inch	  off-­‐the-­‐shelf	  timber.	  Full	  cradle	  drawings	  
are	  located	  in	  appendix	  (C).	  The	  cradle	  dimensions	  were	  optimised	  out	  of	  beech	  but	  exterior	  
plywood	  could	  be	  substituted	  for	  this	  as	  it	  is	  available	  in	  18mm.	  
	  
Figure	  230,	  Cradles	  and	  spacers	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  231,	  Assembled	  cradle	  with	  M6	  x	  45mm	  bolts	  
The	  cradles	  helped	  maintain	  a	  constant	  location	  for	  weight	  readings.	  The	  selected	  beech	  was	  
considered	  by	  researchers	  to	  be	  more	  ‘in	  keeping’	  with	  participants’	  hives	  and	  therefore	  more	  likely	  
to	  be	  used.	  The	  cradles	  enabled	  technology	  partners	  to	  position	  and	  analyse	  the	  performance	  of	  the	  
redeveloped	  Bee	  Lab	  Kit	  (Figure	  232).	  The	  two	  ‘spacers’	  located	  in	  (Figure	  233)	  were	  created	  to	  
equalise	  the	  height	  of	  the	  hive	  when	  the	  cradle	  and	  load	  cell	  were	  positioned.	  The	  two	  blocks	  
provide	  a	  level	  position	  for	  the	  monitored	  hive.	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Figure	  232,	  Load	  cell	  positioned	  within	  cradle	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  233,	  testing	  redeveloped	  Bee	  Lab	  Kit	  
The	  cradle	  located	  the	  load	  cell	  centrally	  on	  one	  side	  of	  the	  hive.	  The	  physics	  of	  weighing	  a	  beehive	  
and	  other	  bee	  weighing	  systems	  (www.arnia.co.uk)	  are	  understood	  in	  such	  a	  way	  that,	  in	  an	  ideal	  
world,	  many	  weight	  location	  points	  should	  be	  included.	  The	  Bee	  Lab	  kit	  could	  be	  expanded	  to	  
include	  more	  weight	  sensors,	  but	  this	  would	  affect	  the	  kit’s	  cost,	  increasing	  it	  threefold.	  The	  
researcher	  and	  project	  stakeholder	  decision	  for	  the	  Bee	  Lab	  kit	  was	  to	  observe	  the	  weight	  change	  of	  
hive(s)	  over	  time.	  
7.40 Bee	  Lab	  Deployment	  Method:	  Deployment	  for	  Citizen	  Science	  
Deploying	  proposals	  for	  Citizen	  Science	  is	  different	  to	  ‘design	  deployment’	  in	  the	  previously	  
discussed	  literature.	  In	  Dickinson	  et	  al’s	  Citizen	  Science	  Public	  Participation	  in	  Environmental	  
Research,	  they	  present	  “participant-­‐centred	  approaches”	  (Louv,	  Dickinson	  et	  al.	  2012,	  71).	  
Participant-­‐centred	  “approaches	  enhance	  recruitment	  by	  appealing	  directly	  to	  participants’	  interests	  
and	  motivations”	  (Louv,	  Dickinson	  et	  al.	  2012,	  71).	  Clary	  et	  al	  state	  that	  the	  “most	  effective	  
satisfaction	  is	  highest	  when	  messages	  and	  benefits	  of	  volunteering	  match	  the	  volunteers’	  
motivations”	  (Clary,	  Snyder	  1999,	  1517).	  The	  allocation	  of	  ambassadors	  for	  projects	  can	  be	  powerful	  
as	  they	  can	  aid	  recruit	  volunteers	  for	  participation.	  Citizen	  Science	  projects	  create	  relationships	  and	  
successfully	  deploy	  projects	  within	  communities,	  “participants	  connect	  with	  one	  another,	  sharing	  
their	  data”	  and	  “stories,	  photos	  and	  insights	  about	  their	  experiences”	  (Louv,	  Dickinson	  et	  al.	  2012,	  
78).	  
Bonney	  et	  al	  discuss	  “the	  value	  of	  nothing”	  (Louv,	  Dickinson	  et	  al.	  2012,	  110).	  The	  ‘value	  of	  nothing’	  
is	  the	  concept	  that	  participants,	  passively	  seeing	  things	  they	  do	  not	  value,	  think	  that	  those	  things	  are	  
unimportant.	  In	  the	  Use	  of	  Citizen	  Science	  Monitoring	  for	  Pattern	  Discovery	  and	  Biological	  Inference,	  
Hochachka	  et	  al	  comment	  that	  “the	  use	  of	  volunteer-­‐gathered	  data	  for	  monitoring	  is	  not	  always	  
appropriate”	  (Hochachka,	  W	  et	  al.	  2012,	  462).	  The	  relevance	  for	  selecting	  a	  Citizen	  Science	  route	  is	  
contingent	  on	  data	  collection	  requiring	  large	  geographic	  areas.	  For	  Citizen	  Science	  deployment,	  
Hochachka	  et	  al	  comment	  that	  it	  is	  important	  to	  “reinforce	  participants’	  awareness	  that	  the	  data	  
that	  they	  provide	  [is]	  valuable”	  (Hochachka,	  W	  et	  al.	  2012,	  465).	  Whilst	  data	  gathering	  for	  Citizen	  
Science	  is	  beyond	  the	  reach	  of	  this	  PhD,	  it	  is	  taken	  into	  consideration	  within	  and	  is	  important	  to	  the	  
Bee	  Lab	  Kit.	  	  
“When	  considering	  the	  nature	  of	  the	  relations	  between	  professional	  scientists	  and	  lay	  people,	  
two	  pitfalls	  must	  be	  avoided.	  The	  first	  would	  be	  simply	  to	  postulate	  the	  ignorance	  of	  lay	  people;	  
ignorance	  that	  can	  be	  overcome	  only	  through	  education	  or	  popularization.	  By	  contrast,	  the	  
second	  pitfall	  would	  be	  to	  affirm	  the	  superiority	  of	  lay	  expertise	  in	  the	  name	  of	  its	  greater	  
realism”	  (Callon,	  Rabeharisoa	  2003,	  196).	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Callon	  comments	  that	  each	  party	  is	  important	  as	  they	  cannot	  function	  in	  isolation.	  Existing	  literature	  
informed	  the	  following	  ‘consideration	  topics’	  used	  for	  the	  deployment	  of	  the	  Bee	  Lab	  kit:	  
1) Quantity-­‐quality	  trade-­‐offs;	  deciding	  where	  the	  bias	  of	  quality	  or	  quantity	  of	  data	  is	  balanced	  
(Hochachka,	  W	  et	  al.	  2012,	  468).	  
2) Lack	  of	  prior	  knowledge;	  not	  relying	  on	  the	  prior	  knowledge	  of	  the	  participants	  (Hochachka,	  
W	  et	  al.	  2012,	  468).	  
3) User	  motivation;	  ensuring	  participants	  are	  motivated	  to	  take	  part	  (Louv,	  Dickinson	  et	  al.	  
2012).	  
4) Scope	  of	  observations;	  understanding	  the	  territory	  participants	  are	  engaging	  in	  (Roy,	  H.E.	  et	  
al.	  2012,	  23).	  
5) Health	  and	  Safety;	  ensuring	  participants	  are	  safe	  during	  observations	  or	  data	  collection	  (Roy,	  
H.E.	  et	  al.	  2012,	  21).	  
6) Design	  for	  doubt;	  remembering	  that	  your	  volunteers	  are	  lay	  users	  so	  limit	  the	  possibility	  of	  
doubt	  through	  practice	  or	  in	  the	  data	  accrued	  (Paulos	  2009,	  3).	  
	  
These	  stages	  provided	  a	  set	  of	  considerations	  that	  the	  Bee	  Lab	  kit	  has	  followed.	  The	  quantity-­‐quality	  
trade-­‐offs	  were	  considered	  but	  the	  Bee	  Lab	  kit	  is	  a	  pilot	  project	  so	  large	  data	  is	  future	  work.	  The	  lack	  
of	  prior	  knowledge	  is	  something	  accommodated	  throughout	  the	  project	  with	  all	  the	  considerations	  
for	  ‘lay	  users’	  and	  the	  testing	  of	  the	  deployment.	  User	  motivation	  is	  catered	  for	  by	  making	  
participants	  actively	  benefit	  from	  their	  accrued	  data.	  The	  scope	  of	  observations	  has	  been	  restricted	  
to	  the	  hive’s	  weight	  and	  the	  internal	  temperature	  and	  humidity.	  The	  health	  and	  safety	  of	  
participants	  has	  been	  considered	  for	  assembly	  tools,	  not	  interrupting	  users’	  conventional	  practice.	  If	  
beekeepers	  are	  associated	  with	  a	  club,	  or	  the	  BBKA,	  they	  are	  insured	  and	  have	  individual	  club	  risk	  
assessments	  (The	  British	  Beekeeping	  Association	  2012).	  The	  final	  element,	  ‘designing	  for	  doubt’,	  has	  
been	  addressed	  by	  making	  the	  kits	  simple	  to	  assemble	  with	  easier	  deployment.	  
7.41 2)	  Bee	  Lab	  Kit:	  Development	  and	  Redeployment	  	  
To	  test	  the	  Bee	  Lab	  kit	  V2,	  it	  was	  deployed	  into	  participants’	  hives	  for	  a	  period	  of	  one	  month	  as	  life	  
“usability	  testing”	  was	  fundamental	  (Hanington,	  Martin	  2012,	  195).	  Hanington	  comments	  that	  
“usability	  testing	  is	  an	  evaluative	  method	  that	  allows	  teams	  to	  observe	  an	  individual’s	  experience”	  
(Hanington,	  Martin	  2012,	  194).	  Conventionally,	  this	  process	  is	  conducted	  for	  digital	  applications	  
where	  the	  participant	  guides	  researchers	  through	  feedback.	  In	  this	  case,	  the	  Bee	  Lab	  kit	  deployment	  
relied	  on	  the	  author	  visiting	  the	  participating	  beekeeper.	  The	  participant	  would	  then	  guide	  the	  
author	  through	  their	  kit’s	  use.	  This	  physical	  usability	  testing	  enabled	  the	  author	  to	  witness	  elements	  
that	  require	  further	  development.	  
The	  deployment	  of	  kit	  V2	  recruited	  participants	  from	  within	  the	  Hackathon	  as	  they	  were	  already	  
involved	  and	  understood	  prototype	  testing	  and	  were	  advocates	  of	  the	  project.	  Other	  Hackathon	  
participants	  were	  interested	  but	  dates	  could	  not	  align	  between	  the	  technologists,	  researchers	  and	  
beekeepers	  in	  time.	  It	  was	  important	  to	  fully	  deploy	  the	  kit	  V2	  and	  not	  simply	  run	  studio	  tests	  as	  it	  
used	  the	  cradle	  (Figure	  234	  &	  Figure	  235).	  The	  kit	  V2	  was	  debugged	  in	  intensive	  studio	  run	  cycles	  by	  
TWSU.	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Figure	  234,	  Cradle	  screwed	  to	  hive	  stand	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  235,	  Spacers	  and	  cradle	  installed	  
7.42 3)	  Bee	  Lab	  Deployment	  Method:	  Final	  Recruitment	  and	  National	  Deployment	  
Final	  recruitment	  for	  national	  deployment	  built	  on	  the	  earlier	  practices	  of	  online	  platforms	  used	  in	  
the	  poster	  workshop.	  The	  poster	  workshop	  recruited	  online	  opening	  engagement	  to	  a	  larger	  
audience	  that	  travelled	  to	  participate.	  The	  final	  recruitment	  phase	  needed	  to	  open	  up	  the	  potential	  
self-­‐selecting	  participants	  to	  beekeepers	  or	  community	  groups	  possibly	  outside	  the	  existing	  contacts	  
of	  the	  project	  stakeholders.	  Creating	  an	  open	  call	  for	  participation	  builds	  on	  a	  ‘research	  in	  the	  wild’	  
approach	  for	  “co-­‐production	  of	  science	  and	  society”,	  engaging	  new	  audiences	  outside	  stakeholders’	  
comprehension	  (Callon,	  Rabeharisoa	  2003,	  194).	  
	  
The	  “publicity	  and	  promotion	  [of	  projects]	  are	  critical	  to	  the	  uptake	  of	  citizen	  science”,	  so	  an	  
internet	  recruitment	  page	  was	  created	  (www.beelab.org)	  (Roy,	  H.E.	  et	  al.	  2012,	  36).	  Roy	  et	  al	  
comment	  that	  “social	  media	  [provides	  an]	  exciting	  opportunity	  for	  promoting	  citizen	  science	  and	  
providing	  feedback”	  (Roy,	  H.E.	  et	  al.	  2012,	  36).	  A	  social	  networking	  account	  was	  established	  
(@beelab_open)	  to	  promote	  the	  project	  with	  development	  activities,	  to	  provide	  accessible	  public	  
questions	  and	  answers	  and	  to	  reach	  a	  wider	  audience.	  The	  project’s	  website	  (www.beelab.org)	  
provided	  links	  that	  were	  shared	  by	  all	  project	  partners.	  The	  project	  explanation	  was	  sent	  to	  BBKA	  
club	  secretaries,	  learning	  from	  the	  wider	  audience	  Probe	  2,	  the	  beekeepers’	  poster	  workshop	  and	  the	  
self-­‐making	  Probe	  1.	  The	  recruitment	  page	  was	  time	  and	  cost	  efficient	  as	  a	  database	  collated	  
participant	  information,	  and	  stored	  it	  securely,	  thereby	  reducing	  administration	  time.	  	  
7.43 Bee	  Lab	  Deployment:	  Recruitment	  Restrictions	  	  
The	  final	  recruitment	  was	  restricted	  to	  amateur	  beekeepers	  with	  hives	  located	  within	  the	  United	  
Kingdom,	  for	  two	  reasons.	  Firstly,	  the	  funding	  stated	  that	  the	  project	  would	  be	  conducted	  within	  the	  
United	  Kingdom	  and,	  secondly,	  the	  location	  reduced	  the	  cost	  of	  posting	  kits	  to	  participants.	  The	  
recruitment	  introduction	  stated	  that	  the	  project	  was	  uninterested	  in	  bee	  farmers.	  Only	  amateur	  
beekeepers	  should	  apply.	  
7.44 Bee	  Lab	  Deployment:	  Recruitment	  Page	  
The	  recruitment	  page	  was	  created	  and	  verified	  by	  project	  partners,	  ensuring	  all	  agendas	  were	  met	  
and	  organisations	  were	  portrayed	  to	  their	  satisfaction.	  The	  recruitment	  page	  was	  deployed	  for	  one	  
month	  with	  links	  ‘tweeted’	  by	  partners’	  account(s).	  The	  recruitment	  page	  (Figure	  233)	  started	  with	  a	  
project	  outline,	  identifying	  partners.	  The	  introduction	  drew	  on	  the	  lessons	  of	  the	  poster	  workshop	  
recruitment,	  clearly	  stating	  the	  project	  partners	  and	  providing	  links	  to	  their	  work,	  adding	  “credibility	  
and	  validity	  to	  the	  project”	  in	  the	  eyes	  of	  potential	  participants	  (Phillips.	  R,	  et	  al.	  2013).	  The	  project	  
introduction	  stated	  that	  the	  kit	  was	  specifically	  for	  national	  hives,	  as	  different	  hives	  have	  numerous	  
parameters	  and	  could	  contaminate	  results.	  National	  hives	  were	  stated	  as	  the	  highest	  used	  in	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practice	  in	  the	  United	  Kingdom	  by	  the	  wider	  audience	  Probe	  2	  and	  the	  beekeepers’	  poster	  workshop.	  
The	  intention	  of	  directing	  the	  study	  at	  national	  hives	  was	  also	  a	  priority	  for	  the	  BBKA.	  
	  
Figure	  236,	  Recruitment	  page,	  section	  1	  
7.45 Bee	  Lab	  Deployment	  Method:	  Deployment	  Adjustments	  
The	  form	  stated	  that	  Bee	  Lab	  kit	  fitting	  procedures	  meant	  that	  potential	  users	  would	  have	  to	  screw	  
into	  their	  hive	  stand	  and	  cut	  a	  3mm	  channel	  into	  crown	  boards;	  photographs	  accompanied	  
explanations	  (Figure	  237).	  
	  
Figure	  237,	  ‘Fitting	  procedures’	  images	  used	  on	  the	  recruitment	  page	  
It	  was	  important	  to	  highlight	  the	  Bee	  Lab	  kit	  fitting	  requirements	  as	  it	  stated	  adjustments	  that	  
potential	  beekeepers	  would	  need	  to	  make	  to	  their	  hives.	  This	  was	  important	  as	  participants	  self-­‐
selected	  and	  they	  needed	  to	  see	  adaptions	  before	  committing	  their	  details.	  Conrad	  et	  al	  state	  that	  
“social	  capital	  in	  trust,	  harmony	  and	  cooperation”,	  i.e.	  gaining	  trust	  through	  transparency,	  is	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important	  (Conrad,	  Hilchey	  2011,	  280).	  Addressing	  ‘kit	  fitting’	  first	  would	  reduce	  the	  number	  of	  
participants	  signing	  up	  who	  were	  not	  willing	  to	  adapt	  their	  hive	  and	  would	  subsequently	  have	  been	  
sent	  a	  Bee	  Lab	  kit	  they	  would	  not	  install.	  
	  
Figure	  238,	  Recruitment	  page	  section	  2	  
The	  form	  included	  the	  following	  details:	  your	  name	  (confidential),	  your	  email	  (confidential),	  number	  
of	  years’	  beekeeping,	  location	  of	  hives	  (first	  three	  prefixes	  of	  postcode),	  postal	  address	  (confidential)	  
and	  member	  of	  a	  beekeeping	  group	  or	  BBKA	  (Figure	  238).	  The	  number	  of	  years’	  beekeeping	  was	  
important	  in	  order	  to	  understand	  potential	  participants’	  experience.	  The	  questions	  were	  validated	  
by	  the	  partners.	  
7.46 Bee	  Lab	  Deployment	  Method:	  Locational	  Information	  
The	  hive’s	  location	  was	  an	  important	  methodological	  question	  as	  the	  partners	  wanted	  to	  see	  the	  
geographical	  spread	  of	  participants	  for	  volunteer	  selection.	  The	  deployed	  locations	  use	  the	  
participant’s	  first	  three	  prefixes	  of	  the	  apiary	  postcode	  provided	  in	  the	  form	  (Figure	  236).	  Locations	  
can	  then	  be	  made	  available	  publicly	  as	  it	  is	  non-­‐specific	  information.	  This	  builds	  on	  findings	  in	  the	  
ethnography	  and	  beekeepers’	  poster	  workshop	  that	  ‘hives	  are	  expensive	  commodities	  and	  cannot	  be	  
pinpointed’	  for	  others	  to	  abuse	  or	  steal	  (Phillips.	  R,	  et	  al.	  2013).	  To	  openly	  share	  hive	  locations	  would	  
also	  conflict	  with	  the	  project’s	  ethical	  approval.	  The	  first	  three	  postcode	  prefixes	  enabled	  the	  
researchers	  to	  understand	  the	  spread	  of	  the	  participants	  for	  post	  analysis	  without	  participants	  being	  
compromised,	  thus	  building	  trust	  and	  adhering	  to	  Conrad	  et	  al’s	  theories	  on	  “social	  capital”	  (Conrad,	  
Hilchey	  2011,	  283).	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Figure	  239,	  Recruitment	  page	  section	  3	  
The	  form	  asked	  participants	  to	  quantify	  their	  interest	  in	  the	  project.	  The	  question	  was	  framed	  
because,	  if	  location	  and	  other	  metrics	  conflicted	  in	  responses,	  then	  the	  selection	  process	  could	  
differentiate	  participants	  by	  their	  explanation.	  20	  words	  was	  the	  limit,	  reducing	  researcher’s	  time	  
invested	  in	  reading	  potential	  candidates’	  applications.	  Finally,	  the	  recruitment	  form	  asked	  the	  
participants	  to	  agree	  to	  ethical	  considerations,	  entering	  an	  agreement	  to	  install	  the	  kit	  and	  be	  
involved	  in	  evaluation	  over	  time.	  
7.47 Bee	  Lab	  Deployment	  Method:	  Volunteer	  Selection	  
Volunteer	  selection	  included	  participants	  based	  in	  the	  United	  Kingdom.	  Only	  volunteers	  who	  had	  
agreed	  to	  ethical	  considerations	  and	  to	  install	  the	  Bee	  Lab	  kit	  would	  be	  included	  in	  the	  final	  selection	  
process.	  No	  bias	  would	  be	  given	  to	  BBKA	  members;	  this	  was	  for	  the	  BBKA’s	  use.	  	  
	  
The	  hierarchy	  of	  participant	  selection	  will	  follow	  these	  categories:	  	  
1) Participants’	  hive	  location	  (first	  three	  postcode	  pre-­‐fixes)	  
2) Participants’	  experience	  beekeeping	  (years)	  
3) Meeting	  a	  wider	  community	  need	  based	  on	  their	  response	  to	  the	  ‘why	  are	  you	  
interested	  in	  this	  project?’	  20-­‐word	  description.	  
7.48 Bee	  Lab	  Deployment	  Method:	  Selection	  Parameter	  1	  (Hive	  Location)	  
The	  primary	  selection	  focus	  is	  the	  location	  of	  the	  hive.	  It	  is	  important	  to	  get	  a	  spread	  of	  the	  United	  
Kingdom	  from	  participants	  in	  order	  to	  gauge	  a	  future	  and	  legacy	  of	  “bee	  health”	  after	  the	  conclusion	  
of	  this	  PhD	  work	  (vanEnglesdorp,	  Lengrich	  et	  al.	  2013,	  2).	  The	  hive	  locational	  spread	  is	  important;	  as	  
vanEnglestorp	  et	  al	  state	  in	  Standard	  Epidemiological	  Methods	  to	  Understand	  and	  Improve	  Apis	  
Mellifera	  Health:	  “The	  general	  aim	  of	  all	  scientists	  studying	  honey	  bee	  health	  is	  the	  same;	  
preservation	  of	  the	  bees”	  (vanEnglesdorp,	  Lengrich	  et	  al.	  2013,	  14).	  The	  hive	  location	  was	  also	  
deemed	  important	  by	  the	  data	  partner	  Horizon	  for	  future	  data	  analysis.	  All	  of	  the	  volunteer	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selection	  parameters	  rely	  on	  the	  participants	  self-­‐selecting,	  building	  on	  their	  ‘self-­‐interest’,	  taken	  
within	  the	  ethnography,	  beekeepers’	  poster	  workshop	  and	  Hackathon.	  
7.49 Bee	  Lab	  Deployment	  Method:	  Selection	  Parameter	  2	  (Beekeeping	  Experience)	  
The	  beekeepers’	  experience	  is	  important	  as	  the	  project	  needs	  to	  ensure	  participants	  could	  maintain	  
their	  colonies	  with	  the	  least	  amount	  of	  swarming	  or	  neglect	  for	  a	  maximum	  deployment	  time.	  The	  
project	  would	  not	  select	  anyone	  with	  less	  than	  one	  year’s	  experience	  in	  managing	  and	  handling	  a	  
colony	  of	  bees	  as	  the	  project	  did	  not	  want	  to	  fuel	  the	  “fad	  of	  beekeeping”,	  presented	  by	  ABC	  News	  
in	  ‘Bees	  out	  of	  control’,	  with	  participants	  giving	  up	  after	  a	  year	  (Shiffren	  2013).	  	  	  
7.50 Bee	  Lab	  Deployment	  Method:	  Selection	  Parameter	  3	  (20-­‐Word	  Explanation)	  
The	  third	  parameter	  for	  volunteer	  selection	  is	  their	  response	  to	  the	  ‘why	  are	  you	  interested	  in	  this	  
project?’	  description.	  The	  intention	  is	  to	  open	  the	  recruitment	  process	  and	  to	  gauge	  which	  
participants	  will	  have	  more	  ‘community	  value’	  or	  impact	  on	  the	  research	  by	  deploying	  a	  kit	  in	  their	  
apiary.	  In	  Research	  in	  the	  Wild	  and	  the	  Shaping	  of	  New	  Social	  Identities,	  Callon	  &	  Rabeharisoa	  
comment	  that	  “research	  in	  the	  wild	  makes	  a	  strong	  contribution	  to	  the	  formulation	  of	  problems	  and	  
questions	  that	  become	  intelligible	  for	  confined	  researchers”	  (Callon,	  Rabeharisoa	  2003,	  203).	  Callon	  
&	  Rabeharisoa	  are	  stating	  that	  the	  process	  of	  promoting	  ‘research	  in	  the	  wild’	  can	  provide	  strong	  
contributions	  beyond	  the	  researcher’s	  comprehension.	  	  
	  
In	  Grassroots	  Mapping:	  Creating	  a	  Participatory	  Map-­‐making	  Process	  Centered	  on	  Discourse,	  
Dosemagen	  et	  al	  comment	  that	  “Unicef	  [became]	  excited	  about	  the	  possibilities	  for	  PLOTS	  tools	  in	  
disaster	  relief”	  (Dosemagen,	  S.	  et	  al.	  2011,	  12).	  This	  surprising	  turn	  for	  the	  PLOTS	  aerial	  mapping	  
research	  was	  generated	  because	  they	  opened	  participation	  to	  wider	  audiences.	  This	  ‘research	  in	  the	  
wild’	  and	  open	  approach	  of	  encouraging	  wider	  gatekeepers	  into	  the	  project	  enables	  outputs	  to	  have	  
“a	  wider	  reach”,	  a	  critical	  element	  in	  Citizen	  Science	  (Cohn	  2008,	  196).	  The	  third	  parameter	  
prioritises	  community	  groups,	  schools	  or	  organisations	  using	  the	  Bee	  Lab	  kit	  to	  engage	  wider	  
audiences.	  	  
7.51 Bee	  Lab	  Deployment	  Method:	  Project	  Champions	  
Roy	  et	  al	  clearly	  state	  that	  “projects	  would	  not	  be	  successful	  without	  [a]	  reasonably	  interested	  core	  
of	  people	  to	  participate”	  (Roy,	  H.E.	  et	  al.	  2012,	  23).	  According	  to	  Roy	  et	  al,	  it	  was	  important	  to	  
generate	  ‘core	  people’	  that	  present	  a	  unique	  unforeseen	  opportunity	  for	  project	  development,	  
championing	  the	  project	  amongst	  peers	  and	  developing	  learning	  at	  school	  curriculum	  level.	  For	  this	  
reason,	  five	  kits	  would	  be	  distributed	  to	  project	  champions,	  as	  earlier	  work	  in	  the	  Hackathon	  
highlighted	  that	  it	  was	  important	  to	  create	  “advocates	  of	  the	  project	  that	  could	  promote	  it	  to	  their	  
peers”	  (Phillips,	  Blum	  et	  al.	  2014,	  4).	  These	  champions	  have	  distinguished	  themselves	  by	  offering	  
coding	  support,	  presentations	  to	  their	  peers	  or	  technological	  kit	  extensions	  they	  can	  implement	  
after	  the	  project.	  The	  practice	  of	  creating	  champions	  builds	  on	  the	  writings	  of	  Hess	  and	  Community	  
Technology,	  establishing	  a	  network	  and	  legacy	  to	  projects	  (Hess	  1979,	  35).	  
7.52 Bee	  Lab	  Deployment	  Method:	  Process	  of	  Analysis	  
The	  deployment	  results	  were	  critiqued	  by	  project	  partners:	  the	  BBKA,	  TWSU	  and	  Horizon	  Digital	  
economy.	  The	  BBKA	  critiqued	  the	  kit’s	  use	  with	  their	  members	  and	  the	  value	  they	  would	  get	  from	  
the	  resultant	  data.	  TWSU	  critiqued	  the	  kit	  as	  they	  are	  technology	  distributors/retailers	  to	  schools	  
and	  individuals.	  Horizon	  Digital	  Economy	  is	  the	  partner	  for	  reviewing	  data	  handling	  elements.	  The	  
results	  included	  within	  this	  thesis	  have	  been	  divided	  into	  three	  stages:	  1)	  local	  small	  scale	  
deployment;	  2)	  development	  and	  testing;	  3)	  final	  recruitment	  and	  national	  deployment.	  
	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  224	  of	  265	  
1) During	  the	  deployment,	  researchers	  visited	  the	  participants	  that	  had	  installed	  a	  Bee	  Lab	  Kit;	  
a	  semi	  structured	  interview	  was	  conducted	  to	  gauge	  feedback	  of	  the	  kit	  and	  its	  
performance.	  
2) Development	  and	  testing	  was	  evaluated	  against	  the	  BBKA	  criteria	  raised	  within	  the	  
beekeepers’	  poster	  workshop.	  
3) Final	  participation	  recruitment	  was	  analysed	  against	  the	  hierarchy	  previously	  identified	  in	  
‘Volunteer	  Selection’.	  
	  
The	  locations	  of	  the	  hives	  (selection	  parameter	  1)	  will	  be	  mapped	  out	  using	  Google	  Map	  Maker	  
(www.google.co.uk/mapmaker),	  providing	  an	  overall	  visual	  picture	  of	  hive	  locations.	  The	  map	  and	  
criteria	  was	  shared	  with	  project	  partners,	  gauging	  their	  feedback	  and	  satisfying	  their	  agendas.	  
Recruitment	  responses	  were	  catalogued	  in	  a	  table	  against	  the	  hierarchy	  selection	  parameters.	  
7.53 	  Bee	  Lab	  Deployment	  Method:	  1)	  Bee	  Lab	  Deployment	  Summary	  
The	  testing	  of	  the	  deployed	  kits	  highlighted	  issues	  of	  construction	  as	  it	  was	  hard	  for	  participants	  to	  
assemble	  them.	  The	  deployment	  of	  the	  kits	  used	  an	  iterative	  design	  process,	  including	  the	  
participants	  in	  the	  process	  of	  development.	  The	  deployment	  and	  testing	  of	  the	  kits	  illustrated:	  the	  
complications	  in	  fully	  open	  kits,	  the	  feedback	  given	  to	  participants	  during	  construction,	  restriction	  of	  
protocols	  and	  operations	  the	  kit	  performed,	  and	  extra	  components	  required	  for	  successful	  
deployment.	  
7.54 	  Bee	  Lab	  Deployment	  Method:	  2)	  Development	  and	  Redeployment	  Summary	  
The	  development	  and	  redeployment	  phase	  of	  the	  Bee	  Lab	  kit	  allowed	  an	  iterative	  design	  process	  to	  
compliment	  research	  in	  the	  wild	  and	  usability	  testing.	  The	  design	  decisions	  included	  restricting	  the	  
amount	  of	  kit-­‐based	  assembly	  to	  avoid	  mistakes,	  demoralising	  participants	  and	  to	  control	  the	  quality	  
of	  data	  that	  was	  being	  gathered.	  The	  second	  version	  of	  the	  kit	  did	  not	  rely	  on	  any	  soldering.	  The	  kit	  
was	  deployed	  as	  a	  test	  for	  one	  month	  to	  debug	  technical	  issues.	  
7.55 	  Bee	  Lab	  Deployment	  Method:	  3)	  Final	  Recruitment	  and	  National	  Deployment	  Summary	  
The	  recruitment	  process	  allowed	  national	  self-­‐selecting	  participants	  to	  become	  involved.	  The	  
recruitment	  page	  enabled	  the	  process	  to	  be	  tweeted	  or	  blogged	  by	  partners,	  increasing	  the	  range	  of	  
the	  project	  without	  relying	  on	  administrators	  to	  endlessly	  answer	  e-­‐mails	  and	  questions.	  The	  
recruitment	  process	  also	  enabled	  the	  participants	  to	  know	  the	  full	  extent	  of	  minor	  alterations	  they	  
would	  have	  to	  make	  to	  their	  hives	  and	  hive	  stands.	  
7.56 Results	  Study	  7,	  Bee	  Lab	  Deployment	  	  
7.57 Bee	  Lab	  Deployment	  Results:	  Objective	  
The	  Bee	  Lab	  deployment	  is	  the	  placement	  of	  sensor	  kits	  made	  at	  the	  Bee	  Lab	  Hackathon.	  The	  
objective	  of	  a	  short	  time	  deployment	  enables	  users	  to	  critique	  the	  process	  and	  provide	  development	  
feedback	  to	  influence	  the	  next	  stage.	  The	  results	  are	  divided	  into	  three	  sections:	  1)	  local	  deployment	  
with	  Hackathon	  attendees,	  2)	  development	  and	  redeployment,	  and	  3)	  final	  recruitment	  and	  national	  
deployment.	  
7.58 Bee	  Lab	  Deployment:	  1)	  Local	  Deployment	  with	  Hackathon	  Attendees	  
The	  local	  deployment	  exercise	  included	  all	  15	  of	  the	  participants	  at	  the	  Bee	  Lab	  Hackathon.	  Four	  of	  
the	  Hackathon	  participants	  had	  to	  opt	  out	  of	  being	  included	  in	  the	  study.	  Participant	  M	  was	  
interviewed	  prior	  to	  deploying	  the	  Bee	  Lab	  kit.	  During	  the	  interview,	  participant	  M	  discussed	  that	  
“his	  motivations	  for	  taking	  part	  in	  the	  Bee	  Lab	  study	  were	  purely	  based	  around	  his	  interest”.	  When	  
participant	  M	  was	  asked	  what	  he	  wanted	  in	  return	  for	  his	  data,	  he	  responded	  with	  “giving	  a	  benefit	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to	  the	  community	  that	  he	  operates	  within,	  as	  long	  as	  it	  does	  not	  cause	  him	  problems”.	  Participant	  M	  
did	  say	  that	  due	  to	  the	  “unknown	  factors	  with	  Wi-­‐Fi,	  he	  was	  not	  interested	  in	  adding	  or	  thinking	  
about	  adding	  a	  transmitter	  to	  the	  unit”.	  During	  the	  space	  in	  between	  the	  Hackathon	  and	  the	  home	  
visit	  participant	  M	  had	  adapted	  the	  temperature	  and	  humidity	  sensor	  by	  encasing	  it	  in	  wire	  mesh	  
(Figure	  240).	  The	  wire	  mesh	  protects	  the	  sensor	  from	  propolis.	  
	  
Figure	  240,	  Participant	  M’s	  adaption	  encasing	  the	  temperature	  and	  humidity	  sensor	  
	  
Figure	  241,	  3mm	  saw	  cut	  into	  crownboard	  to	  accommodate	  wire	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  242,	  crownboard	  position	  	  
Participant	  M	  had	  also	  adapted	  his	  national	  hive’s	  crownboard.	  The	  crownboard	  component	  goes	  on	  
top	  of	  the	  hive’s	  supers	  (Figure	  242).	  Participant	  M	  made	  a	  3mm	  saw	  cut	  into	  the	  crownboard	  
making	  a	  ‘wire	  gap’,	  a	  cheap	  component	  that	  could	  easily	  be	  repaired.	  Participant	  M	  did	  state	  that	  
padded	  insulation	  tape	  could	  have	  been	  used,	  sealing	  the	  ‘wire	  gap’	  (Figure	  241).	  The	  feeder	  sensors	  
were	  left	  out	  of	  the	  deployment	  as	  participant	  M	  was	  interested	  in	  using	  them	  but	  commented	  that	  
“they	  were	  a	  bit	  of	  a	  pain”.	  During	  the	  deployment,	  participant	  M	  demonstrated	  that,	  in	  practice,	  
the	  sensors	  would	  cause	  complications	  during	  a	  hive	  inspection.	  The	  load	  cell	  was	  not	  deployed	  
either	  as	  he	  could	  not	  fathom	  how	  to	  cantilever	  the	  sensor	  for	  appropriate	  performance.	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Figure	  243,	  Placing	  the	  temperature	  sensor	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  244,	  Securing	  the	  temperature	  sensor	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Placing	  the	  temperature	  and	  humidity	  sensor	  in	  the	  crownboard	  was	  simple	  as	  it	  already	  had	  an	  
intrinsic	  cut	  out	  (Figure	  243	  &	  244).	  The	  cut	  out	  conventionally	  houses	  a	  “porter	  escape”,	  ensuring	  
bees	  do	  not	  become	  trapped	  in	  the	  roof	  post	  inspection,	  and	  accommodates	  colony-­‐accessible	  syrup	  
feeders	  in	  the	  hive’s	  roof	  (Thorne	  2014b).	  	  
	  
Figure	  245,	  Rubber	  grommet	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  246,	  Rubber	  grommet	  secured	  	  	  	  	  	  	  	  
Participant	  M	  had	  also	  found	  an	  off-­‐the-­‐shelf	  plumbing	  grommet	  that	  fitted	  perfectly	  around	  the	  kit	  
wire	  (Figure	  245	  &	  246).	  The	  grommet	  ensured	  that,	  when	  the	  hive	  was	  closed,	  there	  would	  be	  no	  
escaping	  heat	  or	  space	  for	  humidity	  to	  enter.	  
	  
Figure	  247,	  Backing	  board	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  248,	  Final	  check	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Participant	  M	  screwed	  a	  backing	  board	  to	  the	  IP-­‐rated	  housing.	  The	  key	  element	  of	  this	  addition	  was	  
that	  he	  could	  easily	  move	  the	  kit.	  The	  hive	  stand	  is	  conventionally	  at	  the	  user’s	  knee	  height	  so	  
participant	  M	  desired	  to	  move	  the	  kit	  around	  for	  easy	  observation	  (Figure	  247	  &	  248).	  
7.59 Bee	  Lab	  Deployment	  Results:	  How	  This	  Answers	  the	  Question	  
Participant	  M	  showed	  practical	  skills	  in	  the	  modifications	  that	  he	  made	  to	  the	  kit.	  Even	  though	  these	  
modifications	  were	  analogue,	  they	  showed	  an	  expert	  understanding	  of	  beekeeping	  and	  efficiency	  in	  
deploying	  a	  kit	  of	  parts.	  The	  changes	  that	  were	  made	  could	  have	  compromised	  the	  kit	  and	  its	  
performance,	  raising	  the	  following	  question:	  where	  should	  a	  project	  draw	  the	  line	  in	  Open	  Design	  
and	  Citizen	  Science	  so	  that	  participants	  do	  not	  compromise	  the	  resultant	  data?	  The	  method	  of	  Test	  1	  
was	  simply	  to	  learn	  lessons	  by	  deploying	  the	  kit	  with	  live	  users	  and	  gain	  their	  feedback.	  This	  lesson	  
was	  important	  as	  it	  identified	  key	  lessons	  in	  how	  the	  temperature	  and	  humidity	  sensor	  needs	  to	  be	  
deployed,	  the	  addition	  of	  a	  rubber	  grommet	  in	  the	  kit	  to	  seal	  the	  wire	  way,	  the	  design	  of	  a	  cradle	  to	  
accommodate	  the	  load	  cell	  and	  the	  exclusion	  of	  the	  pressure	  sensors.	  
7.60 Bee	  Lab	  Deployment	  Results:	  2)	  Development	  and	  Redeployment	  
The	  same	  Hackathon	  participants	  were	  visited	  and	  used	  as	  participants	  for	  the	  second	  version	  of	  the	  
Bee	  Lab	  Kit	  (Kit	  2).	  The	  deployment	  of	  the	  second	  Bee	  Lab	  Kit	  version	  required	  participants	  to	  screw	  
it	  into	  their	  hive	  stands.	  During	  the	  Hackathon	  discussion,	  participants	  were	  not	  worried	  about	  
screwing	  mounting	  points	  into	  hive	  stands	  for	  future	  interventions.	  The	  points	  to	  avoid	  when	  
handling	  bees	  include	  “vibrations,	  knocks,	  fast,	  quick	  or	  speedy	  movements”	  (Yates	  1999,	  3).	  With	  
this	  in	  mind,	  researchers	  removed	  the	  hives	  from	  their	  stand	  and	  fitted	  the	  wooden	  spacers	  and	  
cradle.	  Moving	  the	  hive	  from	  the	  hive	  stand	  and	  screwing/fitting	  the	  beech	  components	  to	  the	  
frame	  did	  not	  cause	  problems.	  	  
	  
Figure	  249,	  Load	  cell	  cradle	  screwed	  to	  hive	  stand	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  250,	  Spacers	  and	  Load	  cell	  cradle	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Figure	  251,	  Kit	  2	  temperature	  and	  humidity	  sensor	  deployed	  in	  crownboard	  
Kit	  2	  used	  off-­‐the-­‐shelf	  components	  with	  a	  bespoke	  PCB	  but	  did	  not	  require	  user	  assembly.	  The	  
removal	  of	  complete	  user	  construction	  was	  adapted	  to	  eradicate	  the	  sticking	  points	  of	  assembly	  that	  
the	  Hackathon	  had	  raised.	  The	  subtraction	  of	  the	  full	  assembly	  used	  in	  the	  Hackathon	  adhered	  to	  
Paulos’	  Design	  for	  doubt,	  remembering	  that	  volunteers	  are	  lay	  users	  and	  the	  data	  is	  more	  important	  
that	  the	  construction	  (Paulos	  2009,	  3).	  The	  kit	  2	  sensors	  were	  deployed	  identically	  to	  kit	  1	  for	  the	  
temperature	  and	  humidity	  sensor,	  relying	  on	  participants	  to	  either	  cut	  a	  3mm	  groove	  in	  their	  
crownboard	  or	  use	  insulating	  tape	  on	  top	  of	  the	  crownboard	  to	  close	  the	  wire	  gap.	  Deploying	  the	  
cradle	  was	  a	  new	  element	  to	  kit	  2.	  The	  cradle	  was	  placed	  in	  the	  centre	  of	  the	  hive	  stand	  (Figure	  246	  
&	  247).	  
7.61 Bee	  Lab	  Deployment	  Results:	  2)	  How	  Findings	  Answer	  the	  Question	  
The	  key	  finding	  in	  answering	  what	  lessons	  do	  Open	  Design	  and	  Citizen	  Science	  have	  to	  be	  aware	  of	  
to	  take	  forward	  for	  the	  uptake	  of	  the	  Bee	  Lab	  kit?	  is	  the	  aspect	  of	  accessibility.	  Whilst	  components	  
are	  machine-­‐able	  for	  a	  fablab,	  commercial	  or	  institution	  workshop,	  they	  become	  complex	  when	  
constructed	  in	  the	  home.	  There	  must	  be	  a	  trade-­‐off	  between	  end	  user	  adaptions	  and	  an	  
understanding	  of	  possible	  problems	  and	  issues.	  
7.62 Bee	  Lab	  Deployment	  Results:	  3)	  Final	  Recruitment	  and	  National	  Deployment	  
72	  participants	  submitted	  their	  details	  to	  the	  recruitment	  process	  over	  the	  four-­‐week	  deployment	  
period.	  Seven	  participants	  were	  removed	  as	  they	  did	  not	  conform	  to	  the	  selection	  criteria.	  In	  total,	  
eight	  project	  champions	  were	  selected	  as	  the	  recruitment	  process	  had	  neglected	  to	  consider	  that	  
schools	  or	  prisons	  might	  have	  hives.	  All	  of	  the	  participants	  agreed	  to	  ethical	  procedures.	  After	  the	  
eight	  project	  champions	  had	  been	  selected,	  the	  entire	  participants’	  hive	  locations	  were	  mapped	  
onto	  a	  private	  Google	  map	  for	  the	  author	  and	  project	  partners	  to	  review	  participant	  selection	  
(Figure	  249).	  The	  selected	  30	  participants	  have	  also	  been	  catalogued	  in	  Table	  3.	  Please	  note	  that	  all	  
personal	  information	  has	  been	  removed	  as,	  within	  ethical	  procedures,	  the	  participants	  did	  not	  agree	  
to	  openly	  share	  their	  exact	  locations,	  e-­‐mails	  or	  names.	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Figure	  252,	  Recruitment	  spread	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Participant	  
no	  
Map	  
number	  
Selection	   Years	  
beekeeping	  
Hive	  location	  
(postcode)	  
Hive	  location	   BBKA	  
member	  
1	   1	   champion	   7	   KT2	   Farmland	   BBKA	  M	  
2	   2	   champion	   3	   CM6	   School	   BBKA	  M	  
3	   3	   champion	   6	   L97	   Urban	   BBKA	  M	  
4	   4	   champion	   10	   RH1	   Farmland	   BBKA	  M	  
5	   5	   champion	   4	   TD1	   School	   BBKA	  M	  
6	   6	   champion	   3	   CM0	   Farmland	   BBKA	  M	  
7	   7	   champion	   3	   L35	   School	  	   None	  
8	   8	   champion	   1	   CF3	   Urban	   BBKA	  M	  
9	   9	   location	   3	   TR7	   Farmland	   BBKA	  M	  
10	   11	   location	   35	   G63	   Garden	   None	  
11	   14	   location	   16	   CB2	   Garden	   BBKA	  M	  
12	   15	   location	   5	   NR3	   Public	  land	   BBKA	  M	  
13	   17	   location	   3	   NG1	   Garden	   BBKA	  M	  
14	   23	   location	   1	   IM9	   Garden	   BBKA	  M	  
15	   39	   location	   6	   TA6	   Urban	   BBKA	  M	  
16	   25	   location	   1	   S35	   Garden	   BBKA	  M	  
17	   44	   location	   2	   RH1	   Public	  land	   BBKA	  M	  
18	   10	   location	   37	   DT2	   Allotment	   BBKA	  M	  
19	   12	   location	   3	   SE1	   Urban	   BBKA	  M	  
20	   16	   location	   8	   WC1	   Urban	   BBKA	  M	  
21	   40	   location	   3	   ME1	   Farmland	   BBKA	  M	  
22	   46	   location	   9	   GU3	   Urban	   BBKA	  M	  
23	   50	   location	   6	   PO1	   Farmland	   BBKA	  M	  
24	   66	   location	   20	   SN4	   Farmland	   BBKA	  M	  
25	   38	   location	   3	   GU1	   Garden	   BBKA	  M	  
26	   63	   location	   20	   EX1	   Garden	   None	  
27	   28	   location	   15	   SK1	   Garden	   BBKA	  M	  
28	   55	   location	   5	   CH4	   Allotment	   BBKA	  M	  
29	   53	   location	   13	   BN6	   Garden	  	   BBKA	  M	  
30	   58	   location	   6	   LU6	   Garden	   BBKA	  M	  
Table	  3,	  Selected	  participants	  
7.63 Bee	  Lab	  Deployment	  Results:	  Project	  Champions	  
The	  concept	  of	  the	  project	  champions	  had	  come	  from	  project	  partner	  the	  Honey	  Club	  because	  they	  
are	  familiar	  with	  running	  social	  innovations	  and	  invigorating	  volunteers.	  The	  concept	  is	  that	  the	  
project	  champions	  become	  advocates	  of	  the	  project	  as	  they	  are	  pro-­‐active	  in	  their	  beekeeping	  
community.	  The	  rationale	  for	  choosing	  them	  was	  based	  on	  communications	  during	  the	  recruitment	  
period	  and	  the	  20-­‐word	  description	  they	  had	  completed.	  The	  communications	  had	  included	  schools,	  
prisons	  and	  rehabilitation	  programs,	  technical	  support	  and	  web	  support.	  The	  author	  and	  partners	  
had	  not	  considered	  that	  voluntary	  participants	  would	  be	  so	  generous	  in	  responding	  to	  an	  open	  call.	  
The	  selection	  process	  prioritised	  schools	  within	  the	  project	  champions	  as	  it	  was	  considered	  that	  they	  
could	  have	  more	  community	  engagement,	  promoting	  one	  of	  the	  core	  elements	  of	  Citizen	  Science	  
activities,	  “public	  education”	  (Bonney,	  Cooper	  et	  al.	  2009).	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7.64 Bee	  Lab	  Deployment	  Results:	  3)	  How	  Findings	  Answer	  the	  Question	  
The	  author	  and	  the	  research	  partners	  were	  surprised	  by	  the	  offers	  of	  help	  from	  total	  strangers	  
where	  remuneration	  might	  not	  have	  been	  given.	  The	  communications	  received	  during	  the	  
recruitment	  period	  were	  overwhelming,	  demonstrating	  the	  commitment	  to	  administration	  
procedures	  that	  open	  projects	  require.	  The	  concept	  of	  when	  to	  close	  a	  project	  raises	  a	  wider	  
question	  of	  when	  results	  can	  become	  contaminated	  by	  novice	  users	  and	  what	  systems	  you	  let	  lay	  
users	  into.	  	  
	  
Finally,	  the	  biggest	  lesson	  is	  the	  creation	  of	  project	  champions	  that	  can	  aid	  a	  larger	  uptake	  of	  a	  
project,	  building	  on	  the	  recruitment	  lessons	  of	  “finding	  personal	  interests	  or	  activities	  that	  can	  
contribute	  to	  global	  accomplishments”	  learnt	  from	  the	  Hackathon	  (Phillips,	  R.	  et	  al.	  2014).	  
7.65 Bee	  Lab	  Deployment	  Results:	  Summary	  
The	  deployment	  of	  the	  Bee	  Lab	  kit	  demonstrated	  that	  opening	  a	  process	  can	  be	  problematic,	  not	  
only	  in	  deciding	  who	  to	  include,	  but	  also	  how	  to	  include	  them.	  60	  participants	  were	  eligible	  for	  
project	  participation,	  of	  which	  30	  were	  selected.	  The	  research	  led	  to	  a	  pending	  publication	  ‘Standard	  
Deviation’	  that	  discusses	  Open	  Design	  with	  The	  British	  Standards	  Institute	  and	  can	  be	  found	  in	  
appendix	  (K).	  	  
	  
Chapter	  7	  Summary	  
The	  assembly	  trials	  (Hackathon)	  validated	  the	  work	  as	  motivated	  parties	  took	  part	  positively	  with	  a	  
critical	  view	  of	  how	  this	  type	  of	  activity	  should	  be	  repeated.	  The	  participants	  and	  stakeholders	  
confirmed	  the	  metrics	  used	  within	  the	  Bee	  Lab	  kit,	  through	  the	  Hackathon.	  The	  work	  highlighted	  the	  
need	  to	  trial	  physical	  goods	  earlier	  in	  the	  design	  process.	  The	  Hacakathon	  also	  identified	  the	  
importance	  of	  validation	  procedures	  to	  accurately	  assemble/deploy	  sensor	  kits	  for	  external	  
validation	  at	  a	  distance.	  The	  deployment	  process	  highlighted	  the	  need	  to	  empower	  communities	  to	  
create	  their	  own	  solutions,	  whilst	  adhering	  to	  third	  party	  needs.	  The	  deployment	  process	  also	  
highlighted	  the	  feedback	  procedures	  that	  need	  to	  be	  given	  to	  the	  user	  and	  project	  organiser.	  
Chapter	  7	  Reflection	  
On	  reflection,	  the	  author	  would	  have	  trialled	  the	  deployment	  of	  a	  ‘magic	  thing’	  that	  beekeepers	  
could	  role-­‐play	  with	  as	  an	  alternative	  cost	  effective	  methodology.	  Then,	  using	  ethnography	  and	  
storyboarding	  processes	  would	  have	  seen	  the	  potential	  in	  the	  artefact	  and	  how	  users	  can	  utilise	  it.	  
The	  live	  deployment	  highlighted	  the	  need	  for	  stakeholders	  to	  know	  that	  the	  users	  had	  correctly	  
installed	  their	  sensor	  kits.	  This	  physical	  ‘making’	  activity	  should	  have	  been	  done	  earlier	  in	  the	  
process,	  including	  technical	  agents	  to	  consider	  the	  infrastructure	  of	  the	  project	  and	  its	  execution;	  
this	  was	  not	  possible	  due	  to	  financial	  constraints.	  It	  would	  have	  been	  beneficial	  to	  run	  assembly	  
workshops	  earlier	  to	  increase	  the	  user	  centred	  design	  approach	  of	  the	  finished	  Bee	  Lab	  kit.	  The	  
Hackathon/Deployment	  stages	  of	  the	  project	  highlighted	  the	  importance	  of	  validation	  procedures	  
raised	  throughout	  the	  project.	  Validation	  procedures	  should	  have	  been	  designed	  from	  the	  project’s	  
initiation	  but	  were	  not,	  due	  to	  financial	  constraints.	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Chapter	  8,	  Discussion,	  Conclusion	  and	  Further	  Work	  
8.1 1)	  Do	  Non-­‐Professional	  Beekeepers	  Currently	  Make	  and	  What	  are	  Those	  Artefacts?	  
8.2 Results	  from	  Probe	  1	  	  
The	  most	  extreme	  example	  from	  the	  Probe	  1	  study	  was	  the	  telescope	  and	  observatory	  ‘make’	  
(Figure	  77).	  The	  participant	  did	  not	  clarify	  her	  motivations	  for	  building	  the	  construction,	  but	  it	  
demonstrates	  a	  high	  level	  of	  skill	  from	  online	  tutorials	  and	  assembly	  kits.	  The	  quality	  of	  the	  image	  
(Figure	  79)	  taken	  from	  their	  observatory	  also	  demonstrates	  a	  high	  level	  of	  constructional	  
competence.	  The	  combination	  of	  the	  construction	  and	  derived	  image	  establish	  that	  lay	  users	  
currently	  ‘make’	  and	  construct	  complex	  assemblies.	  Out	  of	  60	  participants,	  only	  one	  participant	  
documented	  an	  interest	  in	  retailing	  their	  ‘make’,	  creating	  hive	  tools	  (Figure	  68).	  This	  demonstrates	  
lay	  users’	  capabilities	  of	  retailing	  their	  own	  products.	  The	  remaining	  50	  Probe	  1	  participants’	  books	  
consisted	  of	  artefacts	  for	  themselves	  and	  not	  for	  other	  users	  to	  construct	  or	  ‘download’.	  	  
	  
The	  documented	  physical	  definitions	  of	  ‘making’	  in	  the	  study	  were	  all	  over-­‐engineered,	  perhaps	  as	  a	  
result	  of	  a	  lack	  of	  participant	  material	  knowledge,	  standardised	  accessible	  information,	  or	  the	  trust	  
that	  was	  desired	  within	  their	  ‘making’	  output.	  It	  is	  perceived	  that	  participants	  over-­‐compensated	  in	  
their	  constructions	  to	  ensure	  a	  positive	  outcome.	  The	  nature	  of	  prototyping	  and	  the	  liability	  of	  users	  
creating	  more	  dangerous	  products	  is	  raised	  in	  a	  pending	  publication	  by	  the	  author	  entitled	  ‘Standard	  
Deviation’,	  located	  in	  appendix	  (K).	  25	  participants	  annotated	  that	  they	  were	  willing	  to	  share	  ‘design’	  
information	  with	  their	  peers	  and	  wider	  community	  supported	  in	  practice	  by	  bird	  feeder	  adaptions	  
(Figure	  63),	  solar	  oven	  (Figure	  65).	  
8.3 Probe	  1:	  How	  Results	  Answer	  the	  Main	  Research	  Question	  	  	  	  	  	  	  	  
The	  results	  demonstrate	  that	  non-­‐professional	  beekeeping	  lay	  users	  currently	  ‘make’	  for	  themselves	  
and	  sell	  products	  using	  (lo-­‐tech)	  digital	  fabrication	  and	  are	  financially	  motivated.	  The	  telescope	  
(Figure	  77/79),	  CAD	  experience	  (Figure	  60)	  and	  stone	  carving	  (Figure	  56)	  demonstrate	  the	  technical	  
ability	  of	  the	  users	  beyond	  the	  author’s	  original	  comprehension,	  when	  the	  users	  understand	  the	  
tools	  they	  are	  operating.	  The	  ‘solar	  oven’	  (Figure	  65)	  and	  bird	  feeder	  (Figure	  63)	  documented	  the	  
free	  sharing	  of	  information	  through	  verbal	  communication.	  The	  participants	  did	  not	  make	  reference	  
to	  remunerations	  required	  for	  sharing	  this	  information.	  	  
	  
Within	  the	  literature	  reviewed,	  there	  was	  no	  current	  validated	  documentation	  (within	  the	  United	  
Kingdom)	  of	  what	  non-­‐professional	  lay	  beekeepers	  currently	  ‘make’.	  The	  results	  in	  Probe	  1	  align	  
themselves	  closest	  to	  DIY	  literature.	  In	  Do	  it	  Yourself:	  Democracy	  and	  Design,	  Atkinson	  defines	  that	  
the	  process	  of	  DIY	  has	  been	  “Pro-­‐active,	  Reactive,	  Essential	  or	  Lifestyle”,	  based	  around	  the	  
motivations	  that	  people	  have	  to	  construct	  artefacts	  or	  perform	  DIY	  tasks	  (Atkinson	  2006)	  (3).	  The	  
salient	  results	  were	  ‘reactive’	  as	  the	  participants	  have	  responded	  to	  accessible	  tools	  and	  equipment.	  
Participant	  045	  and	  019	  adhered	  to	  Van	  Abel’s	  Open	  Design	  definition	  of	  “free	  distribution	  [and]	  
documentation”	  but	  the	  participants	  did	  not	  formalise	  their	  processes,	  they	  simply	  divulged	  verbal	  
instructions	  and	  hand	  drawings	  (van	  Abel	  2011a).	  The	  ‘making	  for	  bespoke	  requirement	  insights’	  
adhered	  to	  Jalopy’s	  ‘Makers	  Bill	  of	  Rights’,	  making	  their	  constructions	  repairable,	  even	  though	  it	  is	  
believed	  that	  this	  was	  accidental	  (Jalopy,	  Torrone	  et	  al.	  2005).	  The	  study	  does	  disagree	  with	  Keen	  
that	  the	  cult	  of	  amateurs	  will	  kill	  culture,	  as	  the	  participants	  within	  the	  study	  did	  not	  document	  
intellectual	  infringement	  (Keen	  2007).	  The	  study	  aligns	  with	  Neil	  Gershenfeld’s	  theories	  in	  Fab:	  the	  
Coming	  Revolution	  on	  your	  Desktop-­‐From	  Personal	  Computers	  to	  Personal	  Fabrication:	  “Increasingly,	  
the	  greatest	  limitation	  [for	  personal	  fabrication]	  is	  neither	  cost	  nor	  research;	  it’s	  simply	  the	  
awareness	  of	  what’s	  already	  possible,”	  (Gershenfeld	  2005).	  The	  study	  also	  supports	  Cadwalladr’s	  
“Satellites	  in	  the	  Shed?”	  with	  the	  complexity	  of	  Participant	  022’s	  telescope	  (Cadwalladr	  Carole	  2012).	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Only	  one	  participant	  presented	  Citizen	  Science	  ‘making’	  activities,	  Participant	  028	  (Figure	  80),	  
through	  ‘image	  making’	  of	  bird	  ringing	  for	  conservation	  of	  species,	  classified	  as	  making	  ‘notes’	  by	  the	  
user.	  The	  participant	  did	  not	  comment	  on	  the	  rationale	  for	  conducting	  this	  ‘making’	  activity.	  Bird	  
ringing	  is	  a	  complex,	  “unobtrusive	  process	  that	  is	  heavily	  regulated”	  by	  the	  British	  Trust	  for	  
Ornithology	  (BTO),	  often	  completed	  in	  groups	  with	  heavy	  experience	  (British	  Trust	  for	  Ornithology	  
2014).	  None	  of	  the	  study	  participants	  documented	  the	  construction	  of	  data	  gathering	  equipment,	  
with	  only	  seven	  insights	  catalogued	  as	  ‘making	  for	  documentation’.	  The	  results	  from	  within	  Probe	  1	  
demonstrate	  that	  beekeepers	  currently	  ‘make’,	  with	  over	  198	  actions	  classified	  as	  making	  for	  
bespoke	  requirements,	  from	  unassisted	  design	  interventions	  rather	  than	  designing	  for	  “austerity”	  
(Atkinson	  2006).	  The	  group	  was	  motivated	  to	  construct	  objects	  as	  their	  needs	  were	  not	  met	  by	  
conventional	  means	  and	  they	  could	  see	  options	  that	  were	  more	  financially	  viable.	  
8.4 2)	  What	  Artefacts	  do	  Non-­‐Professional	  Beekeepers	  Make	  or	  Re-­‐Appropriate	  Directly	  Related	  
to	  the	  Practice	  of	  Keeping	  Bees?	  
8.5 Results	  from	  Ethnography	  	  
The	  ethnographic	  study	  participants	  demonstrated	  that	  they	  construct	  and	  re-­‐appropriate	  artefacts	  
for	  the	  practice	  of	  beekeeping,	  including	  hives	  (Figure	  95),	  feeding	  systems	  (Figure	  101),	  swarm	  
collection	  tools	  (Figure	  105),	  adapted	  heaters	  (Figure	  109),	  and	  equipment	  locating	  devices	  (Figure	  
110),	  and	  that	  they	  used	  existing	  manufactured	  products	  to	  hand	  monitor	  for	  sound	  (Figure	  116)	  and	  
weight,	  accompanied	  by	  photographic	  documentation.	  Specifically,	  the	  weight,	  audio	  and	  
photographic	  documentation	  was	  verbally	  shared	  without	  remuneration.	  The	  audio	  data	  was	  also	  
reciprocally	  exchanged	  with	  their	  peers.	  The	  study	  demonstrated	  that	  lay	  participants	  currently	  
adapt	  technologies	  to	  meet	  their	  needs,	  within	  their	  constructional	  capabilities	  (Figure	  116).	  	  	  
The	  most	  pertinent	  result	  of	  the	  ethnography	  study	  was	  the	  existing	  practice	  of	  monitoring	  and	  
maintaining	  hive	  records	  for	  personal	  use	  that	  were	  exchanged	  at	  local	  meetings	  for	  community	  
benefit.	  During	  the	  study,	  hive	  temperature,	  humidity,	  weight	  and	  feed	  volumes	  were	  metrics	  that	  
participants	  were	  trying	  to	  document.	  Towards	  the	  end	  of	  the	  study,	  a	  minor	  relationship	  change	  
took	  place	  between	  the	  author	  and	  beekeepers	  due	  to	  the	  “reciprocity	  of	  giving”	  through	  
researchers’	  photographs	  (Mauss	  1990).	  Photographs	  were	  regularly	  taken	  during	  every	  activity,	  
following	  Atkinson’s	  ‘ethnographic	  methods	  of	  good	  practice’	  (Atkinson,	  Hammersley	  1994).	  
Participants	  post	  analysed	  their	  photography	  with	  re-­‐appropriated	  software	  tools.	  The	  key	  findings	  
within	  current	  beekeeping	  practice	  observed	  product	  hacks,	  artefact	  re-­‐appropriations	  and	  
reciprocal	  information	  from	  one	  beekeeper	  to	  another,	  already	  in	  practice	  within	  the	  observed	  
community.	  
8.6 Ethnography:	  How	  Results	  Answer	  the	  Main	  Research	  Question	  	  	  	  	  	  	  	  	  	  	  
The	  participants	  within	  the	  ethnography	  study	  already	  meet	  and	  engage	  regularly	  as	  a	  community,	  
sharing	  positive	  and	  negative	  experiences,	  including	  the	  disclosing	  of	  hive,	  acoustic	  and	  
observational	  data.	  The	  study’s	  participants	  are	  already	  trying	  to	  construct	  technologies	  to	  improve	  
their	  practical	  beekeeping	  activities:	  adapted	  phone	  (Figure	  110),	  fridge	  (Figure	  109),	  scales	  and	  
swarm	  vacuum	  (Figure	  105).	  They	  have	  the	  propensity	  to	  make	  monitoring	  equipment	  as	  they	  are	  
already	  informally	  monitoring	  sound	  (Figure	  116),	  weight	  (Figure	  118)	  and	  syrup	  feed	  (Figure	  101).	  
The	  study’s	  participants	  regularly	  documented	  disease,	  anomalies	  and	  regular	  occurrences	  through	  
photography,	  sharing	  results	  at	  bi-­‐monthly	  meetings.	  Participants	  within	  the	  ethnography	  study	  also	  
reciprocally	  shared	  their	  sound	  recordings	  with	  no	  remuneration	  other	  than	  gaining	  knowledge	  from	  
each	  other.	  The	  study	  yielded	  that	  the	  participants’	  ‘reciprocate	  rewards’	  led	  to	  community	  gains	  
from	  the	  individual,	  aligning	  with	  Roy	  et	  al’s	  viewpoint	  of	  volunteering	  (Roy,	  H.E.	  et	  al.	  2012).	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The	  participants	  ran	  their	  own	  constructional	  make	  space,	  sharing	  equipment,	  tools	  and	  knowledge.	  
Even	  though	  the	  space	  was	  not	  formalised	  with	  health	  and	  safety,	  machine	  repositories,	  funded	  
projects	  and	  small	  businesses,	  they	  aligned	  with	  fabrication	  laboratories	  goals.	  There	  was	  no	  
formally	  documented	  literature	  available	  at	  time	  of	  writing,	  on	  what	  non-­‐professional	  beekeepers	  
currently	  make	  or	  re-­‐appropriate.	  The	  literature	  that	  was	  identified	  on	  blogs	  and	  the	  BBKA’s	  forums	  
could	  not	  be	  classified	  as	  ‘non-­‐professional’	  as	  bee	  farmers	  use	  the	  forums	  and	  users	  are	  not	  
required	  to	  clarify	  their	  experience.	  The	  ethnography	  study	  supports	  Gershenfeld’s	  theory	  of	  
“Increasingly,	  the	  greatest	  limitation	  [for	  personal	  fabrication]	  is	  neither	  cost	  nor	  research;	  it’s	  
simply	  the	  awareness	  of	  what’s	  already	  possible,”	  highlighting	  the	  need	  for	  methodologies	  and	  
processes	  to	  optimise	  user-­‐designers’	  possible	  concepts	  (Gershenfeld	  2005).	  
8.7 3)	  If	  Beekeepers	  could	  Monitor	  Environmental	  Data	  Related	  to	  the	  Practice	  of	  Keeping	  Bees,	  
Would	  They	  be	  Interested	  and	  What	  Would	  They	  Want	  to	  Know?	  
8.8 Results	  from	  Poster	  Workshop	  	  
The	  poster	  workshop	  yielded	  the	  result	  that	  non-­‐professional	  beekeepers	  are	  willing	  to	  actively	  
engage	  in	  monitoring	  their	  hives	  and	  sharing	  information	  for	  Citizen	  Science	  purposes.	  The	  
participants	  raised	  the	  following	  metrics	  pertinent	  to	  their	  practice:	  hive	  weight	  (Figure	  135),	  
temperature,	  humidity,	  presence	  of	  disease	  (Figure	  146),	  public	  and	  wildlife	  disturbance	  of	  apiaries	  
(Figure	  146),	  surrounding	  agricultural	  crop	  spraying	  (Figure	  191),	  hive	  density	  (Figure	  148),	  fauna	  and	  
flora	  within	  a	  five	  mile	  radius	  of	  their	  apiaries	  (Figure	  147).	  Measuring	  internal	  measurands	  aligns	  
with	  Yates’	  comments	  that	  “the	  inspection	  should	  be	  carried	  out	  efficiently	  with	  the	  minimum	  of	  
disturbance,	  the	  hive	  being	  opened	  for	  the	  shortest	  time	  possible”	  (Yates	  1999,	  5).	  
The	  poster	  workshop	  participants	  were	  concerned	  about	  ‘negative	  data’	  misrepresenting	  them	  as	  
bad	  beekeepers,	  and,	  subsequently	  how	  they	  would	  then	  be	  treated	  by	  their	  peers	  (Figure	  151).	  
Workshop	  participants	  expressed	  a	  desire	  to	  know	  the	  activity	  of	  their	  neighbours’	  hives	  near	  their	  
apiaries	  (Figure	  146).	  Protection	  and	  acquisition	  of	  personally	  relevant	  data	  were	  the	  strongest	  
motivating	  factors	  expressed	  during	  the	  discussion	  for	  taking	  part	  in	  a	  monitoring	  activity	  to	  
subsequently	  benefit	  a	  wider	  community.	  The	  poster	  workshop	  generated	  three	  proposals	  including:	  
CO2,	  humidity,	  the	  hive’s	  ‘intake	  of	  feed’	  and	  the	  hive’s	  weight,	  all	  pertinent	  reoccurring	  
measurands.	  
8.9 Poster	  Workshop:	  How	  Results	  Answer	  the	  Main	  Research	  Question	  	  	  	  	  	  	  
Research	  findings	  not	  pertinent	  to	  gathering	  ‘environmental	  data’	  have	  been	  left	  out	  of	  this	  
discussion.	  The	  study	  yielded	  the	  alignment	  of	  Citizen	  Science	  activities	  within	  active	  communities.	  
During	  the	  poster	  workshop,	  participating	  beekeepers	  self-­‐selected	  and	  actively	  engaged	  in	  the	  
process,	  documenting	  measurands	  worthy	  of	  further	  exploration.	  The	  participants	  were	  motivated	  
by	  their	  own	  thirst	  for	  understanding	  their	  apiaries’	  internal	  practice	  and	  could	  see	  the	  value	  in	  a	  
wider	  community	  of	  accrued	  data.	  The	  participants	  were	  concerned	  about	  how	  their	  accrued	  data	  
could	  be	  mis-­‐represented	  by	  different	  audiences	  and	  thought	  this	  was	  a	  demotivating	  factor.	  The	  
poster	  workshop	  provided	  the	  means	  for	  lay	  participants	  to	  contribute	  to	  a	  design	  outcome.	  The	  
process	  is	  different	  from	  any	  other	  Open	  Design/Citizen	  Science	  programmes	  (in	  the	  literature	  
review)	  as	  it	  was	  initiated	  by	  the	  lay	  users’	  desires	  and	  need.	  
The	  design	  methodology	  of	  creating	  ‘technological	  conversations’	  (Figure	  202)	  presents	  a	  new	  
technique	  for	  engaging	  participants	  in	  their	  technology’s	  functional	  desires.	  Curedale	  uses	  a	  process	  
called	  ‘a	  magic	  thing’,	  “a	  prop	  that	  is	  a	  focus	  for	  ideas	  in	  the	  context	  where	  a	  design	  will	  be	  used”	  
(Curedale	  2013,	  210).	  Neither	  Hanington	  (Hanington,	  Martin	  2012),	  Milton	  (Milton,	  A	  et	  al.	  2013),	  
Ideo	  method	  cards	  (IDEO	  2003)	  or	  Delft	  design	  guide	  (Boeijen,	  A.	  et	  al	  2014)	  present	  a	  similar	  design	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  235	  of	  265	  
methodology	  for	  engaging	  lay	  users	  in	  technology’s	  functional	  desires	  through	  illustrated	  
‘technological	  conversations’.	  
8.10 Results	  from	  Probe	  2	  	  
45	  of	  the	  participants	  commented	  on	  perceived	  kit	  cost,	  something	  that	  is	  important	  for	  an	  Open	  
Design	  project	  and	  depends	  on	  the	  future	  context	  for	  Citizen	  Science.	  All	  of	  the	  beekeepers	  noted	  
that	  they	  would	  not	  replace	  their	  equipment,	  so	  proposals	  need	  to	  either	  retro-­‐fit	  their	  existing	  
hives	  or	  comply	  with	  current	  proportions.	  All	  of	  the	  51	  participants	  commented	  on	  the	  way	  data	  is	  
perceived	  or	  misperceived	  by	  media	  when	  it	  could	  be	  a	  technological	  fault,	  i.e.	  do	  no	  batteries	  
equate	  to	  dead	  apiaries?	  Probe	  2	  findings	  aligned	  with	  poster	  workshop	  participants	  in	  their	  concern	  
for	  publically	  displaying	  ‘bad	  beekeeping’.	  Probe	  2	  participants	  outlined	  that	  monitoring	  activities	  
were	  regarded	  as	  an	  investment	  over	  time,	  not	  an	  immediate	  solution.	  	  
Probe	  2	  participants	  identified	  metrics	  of	  temperature	  (Figure	  169),	  entire	  hive	  weight	  (Figure	  178),	  
amount	  of	  food	  stocks	  internal	  to	  the	  hive	  (Figure	  182),	  and	  amount	  of	  water	  and	  humidity	  that	  
could	  affect	  the	  quality	  of	  their	  honey,	  supporting	  the	  poster	  workshop	  measurands.	  Probe	  2	  study	  
participants	  also	  wanted	  to	  document	  activities	  from	  the	  surrounding	  environment,	  including	  
agricultural	  pesticides	  (Figure	  176),	  locating	  possible	  hive	  disturbances	  from,	  the	  general	  public	  or	  
wildlife,	  (Figure	  177)	  and	  cataloguing	  surrounding	  flora	  and	  fauna	  (Figure	  166),	  supporting	  the	  poster	  
workshop’s	  findings.	  Probe	  2	  provided	  the	  means	  for	  lay	  participants	  to	  contribute	  to	  their	  ideal	  
design	  outcome	  for	  Open	  Design	  and	  Citizen	  Science	  practices.	  
8.11 Probe	  2:	  How	  Results	  Answer	  the	  Main	  Research	  Question	  	  	  	  	  	  	  	  	  
Probe	  2	  participants	  shared	  the	  poster	  workshop	  participants’	  fear	  of	  compromising	  themselves.	  The	  
Probe	  2	  participants	  also	  demonstrated	  that	  design	  control	  was	  required,	  as	  they	  would	  not	  restrict	  
monitoring	  elements	  optimising	  a	  design	  solution,	  but	  simply	  apply	  every	  technology	  that	  they	  
could.	  Finally,	  the	  probe	  2	  study	  highlighted	  the	  importance	  of	  reciprocity,	  starting	  with	  the	  
individual’s	  need	  and	  then	  sharing	  their	  data	  with	  wider	  organisations.	  
No	  validated	  study	  of	  non-­‐professional	  beekeepers’	  desires	  to	  monitor	  their	  hives	  and	  contribute	  to	  
CS	  activities	  could	  be	  found	  within	  literature	  (at	  the	  time	  of	  writing).	  The	  Probe	  2	  findings	  build	  on	  
Kuznetsov’s	  Rise	  of	  the	  Expert	  Amateur:	  DIY	  Projects,	  Communities,	  and	  Cultures,	  with	  the	  “least	  
popular	  reason	  for	  engaging	  in	  DIY	  activities	  [being]	  fame	  and	  money”	  (Kuznetsov,	  Paulos	  2010,	  6).	  
The	  work	  disagrees	  with	  Roy	  et	  al	  that	  data	  collection	  should	  be	  the	  first	  motivation	  of	  Citizen	  
Science	  activities	  (Roy,	  H.E.	  et	  al.	  2012),	  and	  states	  instead	  that	  it	  should	  be	  the	  user’s	  desire	  to	  
participate	  and	  experience	  enhancement.	  The	  work	  supports	  Heiman,	  in	  arguing	  that	  Citizen	  Science	  
activities	  should	  not	  just	  fall	  into	  the	  hands	  of	  the	  formally	  trained,	  “permitting	  a	  true	  science	  by	  the	  
people	  and	  no	  longer	  just	  for	  the	  people”	  (Heiman	  1997b,	  298).	  
According	  to	  French	  sociologist	  Marcel	  Mauss,	  “[t]here	  are	  three	  main	  obligations:	  to	  give,	  receive	  
and	  reciprocate”	  (Mauss	  1990).	  Participants	  in	  Citizen	  Science	  activities	  give	  their	  time	  and	  
potentially	  receive	  either	  accreditation	  or	  knowledge	  and	  reciprocate	  through	  gathered	  data.	  These	  
often	  voluntary	  participants	  donate	  their	  time;	  for	  example,	  in	  Sussex,	  dog	  walkers	  and	  joggers	  are	  
being	  recruited	  to	  monitor	  sheep	  while	  enjoying	  the	  countryside,	  with	  the	  motivation	  of	  caring	  for	  
their	  environment	  (Blencowe	  2013).	  It	  is	  not	  easy	  for	  users	  of	  data	  to	  “design	  and	  develop	  a	  Citizen	  
Science	  project	  that	  meets	  the	  needs	  of	  all	  volunteers;	  indeed,	  such	  a	  catch-­‐all	  approach	  is	  rarely	  
useful”	  (Roy,	  H.E.	  et	  al.	  2012,	  12).	  Citizen	  science	  activities	  should	  be	  tailored	  to	  match	  the	  interests	  
and	  skill	  sets	  of	  the	  participants;	  the	  most	  salient	  motivations	  are	  “enjoyment	  and	  enthusiasm	  for	  
the	  common	  goals	  of	  the	  project”	  (Roy,	  H.E.	  et	  al.	  2012,	  11).	  Probe	  2	  supports	  the	  author’s	  earlier	  
work	  by	  specifically	  designing	  for	  reciprocity	  within	  the	  Citizen	  Science	  process	  (Phillips.	  R,	  Baurley.	  
S,	  Silve.	  S	  2013a).	  
The	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8.12 5)	  What	  Information	  and	  Participant	  Insights	  are	  Required	  to	  Successfully	  Frame	  an	  Open	  
Design/Citizen	  Science	  Project?	  
8.13 Results	  from	  OD/CS	  Card	  Toolkit	  Workshops	  	  
The	  toolkit	  workshops	  established	  that	  the	  production	  of	  an	  OD/CS	  project	  does	  not	  simply	  have	  to	  
accrue	  data	  and	  can	  reinforce	  participants’	  understanding	  of	  nature	  and	  their	  surrounding	  
environment.	  The	  card	  toolkit	  workshops	  highlighted	  that	  framing	  an	  Open	  Design/Citizen	  Science	  
project	  is	  not	  as	  simple	  as	  encouraging	  downloadable	  content	  and	  needs	  to	  consider:	  contextual	  
needs;	  over	  handling	  of	  wildlife;	  plausible	  engagement;	  that	  public	  education	  can	  be	  more	  important	  
than	  data	  gathering;	  educational	  links;	  validation	  protocols;	  participant	  responsibility	  and	  that	  
activities	  need	  to	  be	  targeted	  at	  a	  specific	  audience.	  	  
8.14 OD/CS	  Card	  Toolkit:	  How	  Results	  Answer	  the	  Main	  Research	  Question	  	  	  	  	  	  	  	  	  
The	  card	  toolkit	  workshops	  also	  presented	  positive	  issues	  of	  education	  extension,	  gamification,	  
family	  inclusion,	  volume	  collation,	  youth	  engagement,	  new	  retail	  models	  and	  defining	  success.	  The	  
card	  toolkit	  workshops	  raised	  negative	  issues	  of	  over	  handling	  wildlife,	  organisational	  liability,	  
specific	  demographic	  engagement,	  quality	  assurance,	  quality	  replication	  and	  participant	  motivation.	  	  	  	  
The	  results	  of	  the	  card	  toolkit	  workshops	  highlight	  the	  need	  to	  build	  this	  type	  of	  activity,	  within	  a	  
community.	  The	  SWT	  and	  the	  CLO	  struggled	  to	  select	  participants	  and	  focused	  on	  educational	  
institutions	  as	  a	  main	  source	  for	  recruitment.	  The	  advantage	  of	  deployed	  devices	  (used	  in	  the	  
Hackathon)	  is	  that	  they	  can	  ‘observe	  from	  a	  distance’,	  avoiding	  users	  physically	  handing	  the	  wildlife	  
they	  are	  reporting	  on,	  which	  could	  otherwise	  possibly	  harm	  the	  participant	  and	  the	  studied	  species.	  
Finally,	  the	  card	  toolkit	  workshops	  raised	  the	  question	  as	  to	  when	  projects	  should	  remain	  closed,	  
understanding	  specific	  elements	  and	  why	  they	  open,	  to	  whom	  and	  how.	  At	  time	  of	  writing,	  there	  is	  
no	  Open	  Design/Citizen	  Science	  card	  toolkit	  in	  circulation	  that	  can	  be	  used	  for	  comparison.	  	  
Steen	  highlights	  that	  ‘users	  as	  designers’	  have	  a	  fragility	  because	  “innovations	  that	  match	  users’	  
needs	  [are]	  wishes	  is	  especially	  (but	  not	  exclusively)	  problematic	  in	  high-­‐tech	  industry”,	  with	  
outcomes	  pushing	  a	  ‘product’	  that	  is	  not	  needed	  or	  cannot	  be	  used	  (Steen	  2008,	  6).	  The	  card	  toolkit	  
determined	  the	  use	  of	  appropriate	  technologies	  with	  the	  contextual	  environment	  and	  the	  
demographic	  collecting	  the	  data.	  The	  card	  toolkit	  findings	  do	  align	  with	  Roy	  et	  al’s	  theories	  that	  
“projects	  must	  be	  tailored	  to	  match	  the	  interests	  and	  skill-­‐sets	  of	  participants,	  and	  understanding	  
the	  motivations	  and	  expectations	  of	  potential	  volunteers	  is	  crucial	  to	  developing	  successful	  projects”	  
(Roy,	  H.E.	  et	  al.	  2012,	  5).	  Roy	  et	  al	  also	  highlight	  that	  the	  “reliance	  on	  novel	  technologies	  can	  exclude	  
potential	  participants”	  (Roy,	  H.E.	  et	  al.	  2012,	  7).	  The	  card	  toolkit	  is	  not	  creating	  novel	  technologies	  
but	  framing	  the	  technology	  around	  its	  users,	  the	  scenario	  and	  the	  overarching	  organisation.	  
Galloway	  et	  al’s	  Survey	  of	  Ungulates	  by	  Students	  Along	  Rural	  School	  Bus	  Routes,	  does	  align	  the	  users’	  
Citizen	  Science	  activity	  with	  users’	  situational	  activity,	  but	  explores	  their	  spare	  time	  within	  a	  routine	  
and	  not	  the	  active	  reciprocity	  of	  engaging	  participants’	  data	  gathering	  activities	  that	  directly	  benefit	  
them	  (Galloway,	  Hickey	  et	  al.	  2011).	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8.15 6)	  What	  are	  the	  Key	  Factors	  to	  Consider	  in	  Achieving	  a	  Successful	  Outcome	  to	  the	  Bee	  Lab	  
Kit:	  Specifically	  in	  Developing	  an	  Open	  Design	  Citizen	  Science	  Tool	  for	  Bee	  Hive	  Monitoring?	  
8.16 Results	  from	  the	  Hackathon	  	  
The	  Hackathon	  identified	  that	  lay	  users	  assembling	  kits	  from	  scratch	  is	  complex	  amongst	  the	  
participants.	  This	  type	  of	  activity	  requires	  continuous	  validation	  procedures	  throughout	  a	  device’s	  
construction.	  The	  Hackathon	  validated	  the	  metrics	  of	  hive	  weight,	  temperature,	  humidity	  and	  feeder	  
quantities	  with	  an	  uncontaminated	  audience	  who	  had	  not	  participated	  in	  the	  poster	  workshop	  or	  
Probe	  2.	  The	  Hackathon	  supported	  the	  concept	  raised	  by	  the	  poster	  workshop	  of	  donating	  data	  from	  
the	  individual	  to	  a	  community	  audience.	  The	  feedback	  process	  within	  the	  Hackathon	  raised	  the	  
concern	  that	  participants	  would	  not	  always	  contribute	  to	  ‘open	  plans’	  (Figure	  223)	  as	  it	  could	  take	  
too	  much	  time.	  Finally,	  the	  Hackathon	  participants	  identified	  that	  this	  type	  of	  activity	  requires	  a	  high	  
level	  of	  trust	  from	  the	  individual	  beekeeper	  (Figure	  224).	  
8.17 Hackathon:	  How	  the	  Results	  Answer	  the	  Main	  Research	  Question	  	  	  	  	  	  	  	  	  	  	  
The	  Hackathon	  answers	  the	  research	  question	  by	  demonstrating	  that	  engaging	  lay	  users	  in	  
assembling	  technical	  products	  from	  scratch	  is	  complex,	  as	  it	  requires	  continuous	  validation	  
throughout	  the	  construction	  process.	  This	  type	  of	  open	  Citizen	  Science	  activity	  requires	  a	  high	  
degree	  of	  trust	  from	  all	  of	  the	  parties	  involved	  to	  produce	  appropriate	  data,	  but,	  more	  importantly,	  
from	  the	  end	  user	  conducting	  the	  monitoring.	  The	  design	  of	  the	  assembly	  process,	  for	  this	  type	  of	  
activity,	  needs	  to	  continually	  validate	  construction	  stages	  by	  the	  lay	  user,	  demonstrating	  the	  
limitations	  of	  component	  additions.	  
The	  Hackathon,	  poster	  workshop	  and	  Probe	  2	  concurs	  with	  Mellis	  &	  Buechley	  that,	  to	  enable	  positive	  
‘product’	  outputs,	  input	  parameters	  need	  to	  be	  constrained	  and	  controlled	  by	  an	  authoritative	  body	  
(Mellis,	  Buechley	  2012).	  The	  work	  disagrees	  with	  the	  process	  in	  which	  Mellis	  &	  Buechley	  recruited	  
participants,	  as	  participants	  do	  not	  need	  to	  be	  ‘creative’	  for	  this	  type	  of	  activity,	  but,	  instead,	  actively	  
engaged	  in	  the	  activity	  they	  are	  monitoring	  for	  (Mellis,	  Buechley	  2012).	  The	  Hackathon	  findings	  
support	  Danielsen’s	  “potential	  of	  locally-­‐based	  approaches”	  where	  “locally-­‐based	  monitoring	  can	  
address	  several	  of	  the	  shortfalls	  of	  professional	  monitoring”	  being	  more	  sustainable,	  as	  locally-­‐based	  
participants	  will	  maintain	  their	  local	  environment	  (Danielsen,	  Burgess	  et	  al.	  2005,	  2537).	  At	  the	  time	  
of	  writing,	  there	  was	  no	  peer	  reviewed	  article	  on	  how	  to	  run	  a	  ‘Hackathon’,	  methodologically	  
verifying	  the	  process.	  The	  Hackathon	  provided	  the	  means	  for	  participants	  to	  be	  engaged	  with	  the	  
direction	  and	  active	  contribution	  to	  the	  Bee	  Lab	  kit.	  	  	  
In	  Democratized	  Science	  Instrumentation,	  Waldman	  identifies	  that	  knowledge-­‐enabled	  communities	  
contribute	  to	  Citizen	  Science	  instrumentation	  and	  documents	  projects	  (Waldman	  2012).	  This,	  
however,	  is	  led	  by	  technological	  opportunities	  of	  democratized	  fabrication	  equipment,	  and	  not	  the	  
end	  lay	  users’	  need	  to	  create	  artefacts	  in	  response	  to	  issues	  within	  their	  environment.	  Waldman	  
states	  that	  “democratized	  science	  instrumentation	  is	  less	  about	  replicating	  lab	  equipment	  and	  more	  
about	  being	  empowered	  to	  create	  new	  instrumentation	  to	  explore	  the	  often	  overlooked	  
underfunded	  and	  fringe	  areas	  of	  science”	  (Waldman	  2012,	  5).	  Waldman	  does	  not	  state	  that	  
technology	  should	  align	  itself	  with	  the	  needs	  of	  the	  end	  user	  in	  assembling	  or	  creating	  the	  
technology	  output,	  as	  the	  Hackathon	  and	  poster	  workshop	  have	  done.	  In	  Community	  Technology,	  
Hess	  documents	  that	  “without	  community,	  technology	  cannot	  function	  and	  vice	  versa”	  (Hess	  1979).	  
The	  Hackathon	  created	  a	  technology	  with	  a	  temporary	  community.	  
Wilderman	  defines	  three	  models	  of	  Citizen	  Science;	  1)	  community	  consulting	  model,	  2)	  community	  
workers	  model	  and	  3)	  the	  community	  based,	  participatory	  research	  model	  (Wilderman	  2007,	  4).	  
Louv	  et	  al	  clarify	  that	  Citizen	  Science	  “activities	  are	  initiated	  by	  research	  questions”,	  and,	  secondly,	  
motivate	  participants	  for	  active	  participation	  (Louv,	  Fitzpatrick	  et	  al.	  2012).	  Whilst	  Wilderman	  starts	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model	  3	  with	  participants,	  none	  of	  the	  models	  let	  motivated	  participants	  solely	  devise	  and	  execute	  
monitoring	  equipment	  creation	  based	  purely	  on	  their	  own	  needs.	  Within	  the	  models,	  Citizen	  Science	  
volunteers	  gain	  in	  knowledge	  or	  public	  education,	  with	  access	  to	  the	  data.	  The	  collected	  data	  is	  
relevant	  to	  the	  environment	  the	  participant	  resides	  within,	  not	  their	  activity	  outside	  of	  locality	  
preservation.	  By	  contrast,	  the	  Hackathon	  and	  poster	  workshop	  actively	  explore	  data	  of	  personal	  
activity	  relevance	  that	  can	  then	  contribute	  to	  community	  data.	  In	  Understanding	  and	  Assessing	  the	  
Motivations	  of	  Volunteers:	  A	  Functional	  Approach,	  Clary	  et	  al	  highlight	  that,	  outside	  emergency	  
situations	  “volunteerism,	  as	  a	  form	  of	  sustained,	  ongoing	  helping,	  directs	  us	  to	  consider	  person-­‐
based	  processes;	  the	  functional	  perspective	  reminds	  us	  that	  behavior	  (in	  this	  case,	  planned,	  
sustained	  helpfulness)	  is	  not	  simply	  a	  matter	  of	  being	  influenced	  by	  dispositions	  or	  by	  situational	  
forces,	  but	  rather	  is	  jointly	  determined”	  (Clary,	  Snyder	  1999,	  1529).	  	  
The	  Hackathon	  study	  disagrees	  with	  Clary	  that	  motivations	  cannot	  just	  come	  from	  emergency	  
situations,	  but	  individual	  inquiry	  can	  benefit	  a	  wider	  audience.	  Jordan	  et	  al	  comment	  that	  projects	  
should	  “reinforce	  the	  participant’s	  belief	  that	  their	  behaviour	  can	  contribute	  to	  the	  conservation	  
effort”	  (Jordan,	  Gray	  et	  al.	  2011,	  1153).	  The	  Citizen	  Science	  activity	  should	  primarily	  align	  with	  the	  
user’s	  needs	  creating	  outputs	  for	  specific	  mutual	  gain	  as	  per	  the	  Hackathon	  and	  poster	  workshop.	  
The	  Hackathon	  builds	  on	  Kuznetsov,	  as	  communal	  sharing	  of	  data	  should	  lead	  to	  “learning	  new	  
skills”,	  but	  it	  is	  also	  about	  what	  the	  individual	  can	  attain	  for	  themselves	  and	  should	  not	  be	  seen	  as	  a	  
conduit	  for	  information	  fuelling	  an	  organisation	  (Kuznetsov	  2006).	  The	  poster	  workshop	  and	  
Hackathon	  raised	  the	  issue	  of	  negatively	  viewing	  participants’	  gathered	  data	  and	  aligns	  the	  studies	  
to	  Paulos	  et	  al’s	  concerns	  that	  a	  monitored	  society	  can	  “unintentionally	  create	  a	  culture	  of	  fear”	  
(Paulos	  2009,	  4).	  	  
In	  the	  State	  of	  Nature	  2013	  report	  Burns	  et	  al	  discuss	  that	  projects	  should	  “act	  to	  save	  nature	  both	  
for	  its	  intrinsic	  value	  and	  for	  the	  benefits	  it	  brings	  to	  us	  [as	  humans]	  that	  are	  essential	  to	  our	  well-­‐
being	  and	  prosperity”	  (Burns,	  Eaton	  et	  al.	  2013,	  7).	  Burns	  et	  al	  also	  highlight	  that	  “what	  we	  do	  know	  
about	  the	  state	  of	  the	  UK’s	  nature	  is	  often	  based	  upon	  the	  efforts	  of	  dedicated	  volunteer	  enthusiasts	  
contribut[ing]	  their	  time	  and	  expertise	  [to]	  species	  recording”,	  so	  they	  should	  be	  mutually	  motivated	  
in	  investigating	  their	  own	  needs	  to	  participate	  (Burns,	  Eaton	  et	  al.	  2013,	  7).	  In	  Dusting	  to	  Science:	  
Motivation	  and	  Participation	  of	  Digital	  Citizen	  Science	  Volunteers,	  Nov	  et	  al	  highlight	  the	  need	  for	  
“contributors	  to	  have	  a	  ladder	  of	  responsibilities”,	  but	  they	  also	  require	  appropriate	  ‘remuneration’	  
for	  those	  responsibilities	  (Nov,	  Arazy	  et	  al.	  2011,	  72).	  The	  Hackathon	  and	  poster	  workshop	  align	  with	  
Roy	  et	  al’s	  views	  that	  “organisations	  have	  a	  higher	  duty	  of	  care”	  and	  they	  must	  consider	  health	  and	  
safety	  considerations	  within	  their	  projects	  (Roy,	  H.E.	  et	  al.	  2012,	  21).	  	  
8.18 Results	  from	  Bee	  Lab	  Deployment	  	  
Key	  results	  from	  the	  deployment	  were:	  considering	  users’	  ability	  to	  adapt	  how	  they	  deploy	  the	  
device	  without	  compromising	  the	  data;	  the	  precedent	  is	  that	  the	  final	  proposal	  is	  a	  good	  product;	  
the	  data	  is	  important	  but	  the	  use	  and	  adaption	  of	  the	  product	  is	  fundamental;	  the	  importance	  of	  
project	  champions	  becoming	  advocates	  for	  projects	  within	  their	  respective	  communities;	  and,	  
finally,	  participants	  are	  keen	  to	  become	  involved	  when	  project	  implications	  are	  transparent.	  
8.19 Bee	  Lab	  Deployment:	  How	  Results	  Answer	  the	  Main	  Research	  Question	  	  	  	  	  	  	  	  	  
Open	  Design	  means	  ‘accessible’	  and	  not	  just	  available	  on	  the	  high	  street.	  OD/CS	  Projects	  should	  
make	  the	  best	  products	  possible	  with	  ‘accessible’	  components	  and	  not	  compromise	  by	  merely	  using	  
off-­‐the	  shelf-­‐elements.	  The	  provision	  of	  accessible	  parts	  empowers	  the	  users	  to	  create	  their	  own	  
solutions.	  Another	  route	  to	  empowering	  lay	  users	  is	  in	  the	  creation	  of	  project	  champions.	  Project	  
champions	  can	  become	  advocates	  of	  any	  project,	  speaking	  as	  a	  fellow	  ‘member’	  rather	  than	  an	  
organisation	  because	  they	  encourage	  participation.	  Finally,	  there	  are	  new	  opportunities	  for	  fab	  labs	  
to	  become	  validation	  and	  troubleshooting	  spaces	  as	  they	  already	  house	  the	  expertise.	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The	  work	  disagrees	  with	  Roy	  et	  al	  that	  the	  weakness	  of	  deployed	  sensors	  is	  merely	  “covering	  areas	  
of	  high	  population	  density”	  and	  that	  projects	  should	  actively	  motivate	  participants	  to	  engage	  with	  
their	  environment	  (Roy,	  H.E.	  et	  al.	  2012,	  50).	  Kit	  2	  agrees	  with	  Paulos’	  Designing	  for	  Doubt	  that	  there	  
are	  more	  accurate	  ways	  of	  measuring	  instead	  of	  engaging	  the	  public,	  but	  technologies	  enable	  us	  
learn	  from	  iteration	  and	  deployment	  (Paulos	  2009,	  5).	  Finally,	  Kit	  2	  aligns	  itself	  to	  Goeschl	  that	  to	  
Improve	  the	  Reporting	  Capability	  of	  Citizen	  Monitoring	  Schemes,	  standardised	  procedures	  need	  to	  
be	  created	  and	  can	  only	  be	  instigated	  through	  trial	  and	  error.	  The	  difference	  between	  the	  Bee	  Lab	  
kit	  and	  www.dontflush.me,	  publiclaboratory.org	  and	  teklalabs.org	  is	  that	  the	  final	  product	  has	  been	  
specifically	  designed	  with	  practicing	  lay	  users	  that	  already	  gather	  relevant	  data	  metrics.	  The	  Bee	  Lab	  
kit	  also	  instigated	  its	  design	  decisions	  informed	  directly	  by	  end	  users	  governing	  the	  projects	  
direction.	  The	  Bee	  Lab	  kit	  builds	  on	  the	  Citizen	  Science	  models	  presented	  by	  Wilderman	  and	  expands	  
the	  community-­‐based	  model	  (Wilderman	  2007).	  The	  expansion	  on	  the	  community-­‐based	  model	  is	  
the	  feature	  that	  the	  community	  is	  assembling	  their	  own	  technology,	  as	  well	  as	  deploying	  and	  
remaining	  gatekeepers	  of	  their	  data.	  The	  participants	  then	  choose	  to	  share	  that	  data	  within	  their	  
community.	  
8.20 Collective	  Findings	  
From	  the	  research,	  lay	  users	  need	  contextual	  resources	  to	  make	  contributions	  that	  can	  provide	  
Citizen	  Science	  outputs.	  These	  outputs	  can	  help	  CS	  organisations	  align	  their	  agendas	  with	  the	  
individuals’	  desires.	  To	  include	  lay	  users	  effectively	  within	  contextual	  Open	  Design	  processes,	  they	  
need	  to	  be	  given	  the	  means	  to	  display	  or	  communicate	  their	  desired	  outcomes.	  Lay	  users	  do	  not	  
always	  know	  what	  is	  technologically	  possible,	  so	  the	  means	  to	  achieve	  their	  outcomes	  must	  be	  
provided.	  	  
The	  measurands	  for	  monitoring	  hives	  were	  common	  in	  all	  studies:	  weight,	  temperature	  and	  
humidity.	  Participants	  wanted	  to	  monitor	  everything	  and	  did	  not	  restrict	  their	  inputs	  by	  considering	  
the	  cost	  implications	  of	  the	  technologies	  they	  were	  asking	  for.	  Participants	  were	  able	  to	  articulate	  
themselves	  clearly	  as	  the	  tools	  from	  Probe	  1,	  Probe	  2,	  beekeepers’	  poster	  workshop,	  OD/CS	  toolkit	  
and	  the	  Hackathon	  were	  clear	  and	  enabled	  simple	  feedback	  through	  a	  stage	  by	  stage	  process.	  
Organisations	  and	  individuals	  must	  align	  their	  agendas	  for	  successful	  participation	  of	  lay	  users	  in	  
Citizen	  Science	  activities.	  The	  motivations	  of	  lay	  users	  can	  be	  manifested	  in	  their	  desire	  for	  the	  same	  
agenda/goal	  of	  parallel	  material	  they	  are	  gathering	  for	  organisations	  or	  project	  initiators.	  Even	  if	  
these	  goals	  utilise	  different	  data	  to	  satisfy	  each	  agenda,	  they	  can	  provide	  motivation	  for	  lay	  users	  to	  
participate	  in	  CS	  activities.	  These	  agenda	  alignments	  have	  demonstrated	  motivational	  elements	  for	  
parties	  to	  participate	  within	  Open	  Design	  and	  Citizen	  Science	  activities,	  at	  different	  levels	  of	  
engagement.	  There	  will	  always	  be	  different	  levels	  of	  engagement	  as	  potential	  participants	  have	  
different	  passions	  and	  their	  own	  concerns	  shaping	  their	  level	  of	  interest,	  factors	  that	  are	  beyond	  this	  
thesis.	  Projects	  must	  also	  demonstrate	  transparency	  and	  reward	  as	  this	  develops	  trust	  and	  
motivation.	  
Finally,	  the	  Bee	  Lab	  Kit	  offered	  the	  capability	  for	  lay	  users	  to	  donate	  their	  data;	  it	  was	  not	  
mandatory,	  even	  though	  they	  all	  decided	  to	  contribute	  to	  the	  wider	  cause.	  	  
	  
	  
	  
	  
The	  Bee	  Lab	  Kit:	  activities	  engaging	  motivated	  lay	  users	  in	  the	  use	  of	  open	  technologies	  for	  CS	  activities	  	  
Page	  240	  of	  265	  
8.21 Open	  Design/	  Citizen	  Science	  Map	  
The	  map	  is	  based	  on	  existing	  model	  of	  the	  Bee	  Lab	  model	  (appendix	  o).	  The	  following	  research	  
process	  has	  been	  created	  from	  the	  Bee	  Lab	  project.	  The	  order	  of	  the	  process	  is	  informed	  in	  order	  of	  
finance,	  with	  the	  least	  expensive	  process	  first.	  The	  model	  follows	  the	  following	  13	  headings:	  
1. Topic	  Review	  
2. User	  /Stakeholder	  Review	  
3. User	  /Stakeholder	  Requirements	  
4. Technology	  /	  Situation	  Review	  
5. Review	  Data	  Requirements	  	  
6. Concept	  Review	  
7. Alignment	  Validation	  
8. Agreement	  Creation	  
9. Agreement	  Validation	  
10. Design	  Specification	  
11. Design	  Specification	  Review	  Testing	  
12. Deployment	  in	  the	  Field	  
13. Data	  Dissemination	  /	  Design	  Review	  	  
The	  headings	  are	  in	  place	  to	  create	  a	  more	  appropriate	  Open	  Design/Citizen	  Science	  method.	  The	  
map	  has	  been	  created	  from	  analysing	  the	  design	  method	  of	  the	  Bee	  Lab	  project	  and	  reordered	  the	  
pertinent	  stages	  based	  on	  their	  efficiency	  and	  cost.	  The	  intention	  is	  to	  leave	  the	  most	  expensive	  and	  
costly	  techniques,	  i.e.	  technology	  deployment,	  to	  the	  end	  of	  the	  project.	  Within	  the	  map,	  each	  
appropriate	  design	  tool/research	  method	  used	  within	  the	  PhD	  research	  has	  been	  identified	  for	  the	  
purposes	  of	  repetition.	  The	  stages	  inform	  each	  other	  as	  they	  are	  the	  most	  efficient	  method	  and	  rely	  
on	  low-­‐fidelity	  processes	  that	  require	  the	  least	  time	  and	  investment.	  The	  most	  important	  element	  in	  
the	  process	  is	  ascertaining,	  with	  clarity,	  what	  the	  motivational	  factors	  for	  participation	  are	  in	  the	  
desired	  community.	  The	  motivational	  factors	  must	  be	  understood	  early	  on	  as	  their	  alignment	  is	  
critical	  for	  future	  participation.	  The	  final	  procedures	  that	  are	  critical	  are	  agreements.	  Agreements	  
not	  only	  protect	  the	  parties	  involved	  but	  they	  ensure	  that	  the	  end	  user	  or	  stakeholder	  is	  not	  being	  
compromised.	  Figure	  253,	  shows	  the	  created	  model	  and	  a	  1:1	  example	  of	  the	  map	  can	  be	  found	  in	  
appendix	  o.	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Figure	  253,	  Open	  Design	  /	  Citizen	  Science	  Map	  
8.22 Conclusion:	  Contributions	  to	  Knowledge	  	  
The	  PhD	  work	  has	  made	  the	  following	  contributions	  to	  knowledge:	  
1) The	  creation	  of	  a	  repeatable	  Open	  Design	  /	  Citizen	  Science	  model	  based	  upon	  the	  live	  
testing	  from	  the	  Bee	  Lab	  project	  appendix	  (O)	  
2) Open	  Design	  Standards	  (paper	  pending	  publication)	  appendix	  (K)	  
	  
The	  project	  and	  the	  Bee	  Lab	  Kit	  fills	  the	  knowledge	  gap	  identified	  by	  the	  literature	  of:	  
1)	  Specifically	  designing	  Citizen	  Science	  activities	  that	  align	  with	  existing	  motivated	  participants,	  who	  
would	  also	  gain	  from	  gathering	  activities	  and	  their	  specific	  data.	  A	  CS	  project	  needs	  to	  start	  with;	  
how	  you	  motivate	  volunteer	  participation?	  2)	  Understanding	  tools,	  access	  points	  and	  barriers	  on	  
how	  best	  to	  engage	  motivated	  self-­‐selecting	  participants	  in	  the	  creation	  of	  their	  own	  monitoring	  
equipment.	  The	  Open	  Design	  tools	  used	  within	  the	  thesis	  enabled	  lay	  users	  to	  feedback	  and	  create	  
their	  own	  desired	  outcomes,	  unhindered	  by	  technological	  knowledge	  or	  design	  understanding.  
The	  PhD	  work	  has	  established	  that	  lay	  users	  can	  and,	  indeed,	  already	  make	  constructions	  and	  
artefacts	  that	  are	  complex	  and	  exceptionally	  functional	  such	  as	  the	  observatory	  make	  and	  moon	  
photograph	  from	  the	  Probe	  1	  study.	  The	  ethnography	  study	  also	  highlighted	  that	  participants	  are	  
already	  re-­‐appropriating	  electronics	  goods	  from	  off-­‐the-­‐shelf	  products	  (phone/key	  hack).	  Study	  
participants	  were	  appropriating	  more	  analogue	  based	  products	  to	  solve	  bespoke	  situations,	  such	  as	  
the	  vacuum	  hack	  and	  fridge	  hack.	  These	  bespoke	  outputs	  were	  mainly	  analogue	  as	  users	  could	  test	  
their	  solutions	  through	  basic	  trial	  and	  error,	  witnessing	  problems	  or	  alternatives.	  The	  assembly	  of	  
digital	  products	  is	  harder	  as	  there	  are	  more	  inherent	  problems	  that	  cannot	  be	  immediately	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witnessed	  by	  the	  lay	  user	  assembling	  it,	  so	  the	  creation	  of	  truly	  digital	  products	  was	  not	  witnessed,	  
only	  the	  desire	  to.	  
The	  tools	  created	  from	  this	  thesis	  included:	  the	  beekeepers’	  poster	  workshop	  resources,	  the	  OD/CS	  
card	  toolkit	  resource	  and	  the	  revised	  Probes	  1	  and	  2,	  used	  specifically	  to	  collate	  information	  from	  lay	  
users.	  The	  contribution	  to	  Open	  Design	  is	  a	  series	  of	  tools	  and	  methods	  that	  can	  be	  used	  to	  enable	  
lay	  users	  to	  design	  outcomes.	  These	  methods	  were	  used	  within	  the	  beekeepers’	  poster	  workshop,	  
using	  graphics	  to	  create	  theoretical	  conversations	  between	  objects	  and	  users.	  These	  methods	  create	  
the	  lay	  users’	  product	  function	  desires	  and	  can	  be	  used	  to	  gain	  accurate	  functional	  feedback.	  The	  
OD/CS	  toolkit	  created	  the	  possibility	  for	  lay	  users	  to	  have	  conversations	  around	  theoretical	  design	  
concepts	  that	  could	  be	  discussed	  and	  elaborated.	  	  
The	  main	  problem	  facing	  ‘Open	  Design’	  is	  still	  when	  and	  how	  to	  open	  a	  product.	  There	  must	  be	  a	  
benefit	  to	  opening	  the	  process	  to	  lay	  users	  as	  there	  are	  many	  inherent	  problems	  relative	  to	  
accuracy,	  repeatability,	  safety	  and	  construction	  success.	  At	  some	  point,	  design	  processes	  need	  to	  
remain	  closed	  to	  optimise	  manufacturing	  processes,	  protecting	  its	  users	  and	  ensuring	  the	  functional	  
life	  of	  a	  product.	  Lay	  users	  found	  it	  hard	  to	  completely	  self-­‐solder	  kits	  in	  the	  Bee	  Lab	  Hackathon,	  
although	  this	  can	  be	  evolved	  in	  the	  design	  of	  the	  kit.	  A	  process	  can	  be	  created	  to	  reduce	  the	  barriers	  
of	  assembly.	  These	  barrier-­‐reducing	  parts	  would	  not	  always	  use	  standard	  electronics	  components;	  
they	  could	  create	  sub-­‐assemblies	  that	  would	  require	  processing	  or	  specific	  manufacturing.	  When	  
digital	  manufacture	  has	  reached	  a	  point	  at	  which	  fully	  integrated	  products	  can	  be	  created	  from	  
additive	  manufacturing	  with	  electronics	  components,	  this	  will	  no	  longer	  be	  such	  a	  design	  restriction	  
and	  software	  tools	  will	  become	  more	  prevalent.	  The	  Hackathon	  was	  successful	  in	  that	  it	  validated	  
the	  deployment	  of	  the	  Bee	  Lab	  kits	  and	  encouraged	  lay	  users	  to	  make	  artefacts	  that	  otherwise	  
would	  have	  been	  out	  of	  their	  reach.	  The	  deployment	  and	  recruitment	  process	  for	  the	  Bee	  Lab	  kit	  
yielded	  over	  150	  participants	  that	  wanted	  to	  engage	  in	  the	  project	  in	  a	  short	  space	  of	  time.	  The	  
testing	  of	  the	  Bee	  Lab	  kit	  in	  the	  wild	  ensured	  that	  the	  equipment	  could	  be	  integrated	  into	  national	  
hives	  with	  the	  minimum	  impact	  and	  without	  specialist	  tools.	  The	  main	  contribution	  to	  Citizen	  
Science	  is	  the	  alignment	  of	  individual	  lay	  user	  and	  organisational	  goals.	  These	  agendas,	  whilst	  being	  
mutually	  exclusive,	  work	  in	  favour	  of	  each	  party,	  mutually	  benefiting	  the	  relationship	  and	  helping	  to	  
motivate	  participation.	  The	  subsidiary	  contribution	  to	  Citizen	  Science	  is	  participants	  creating	  their	  
own	  monitoring	  tools	  to	  respond	  to	  their	  issues.	  Whilst	  this	  is	  addressed	  in	  the	  www.dontflush.me,	  
publiclaboratory.org	  and	  teklalabs.org	  projects,	  they	  are	  not	  aligning	  themselves	  with	  tools	  that	  
individuals	  might	  already	  use	  to	  enrich	  their	  activity’s	  experience.	  
Probe	  1	  was	  successful	  in	  gaining	  suitable	  insights	  and	  validating	  beekeepers	  as	  a	  relevant	  study	  
group	  for	  Open	  Design/Citizen	  Science	  activities.	  The	  beekeepers’	  poster	  workshop	  helped	  translate	  
positive	  and	  negative	  issues	  that	  participants	  wanted	  to	  measure	  and	  avoid	  displaying	  publicly.	  The	  
poster	  workshop	  also	  encouraged	  the	  participants	  to	  create	  proposals	  from	  their	  suggestions	  as	  the	  
workshop	  process	  distilled	  the	  bigger	  question	  into	  five	  posters,	  making	  them	  more	  digestible	  and	  
encouraging	  easy	  feedback	  from	  the	  lay	  participants.	  OD/CS	  toolkit	  helped	  identify	  that,	  to	  
encourage	  OD/CS	  activities,	  you	  must	  first	  consider	  the	  detrimental	  factors	  in	  lay	  users	  handling	  
wildlife	  they	  are	  monitoring;	  secondly,	  consider	  the	  negative	  effects	  that	  user	  interventions	  can	  
create;	  thirdly,	  think	  about	  the	  participation	  that	  can	  be	  encouraged	  through	  educational	  
institutions	  and,	  finally,	  why	  are	  the	  tools	  for	  monitoring	  ‘open’?	  Are	  the	  tools	  open	  for	  assembly	  or	  
for	  lay	  users	  to	  adapt	  and	  contribute	  towards?	  
These	  tools	  worked	  because	  they	  were	  defined	  by	  the	  users’	  context	  of	  beekeeping.	  Beekeepers	  
were	  motivated	  to	  participate,	  as	  accruing	  data	  is	  part	  of	  their	  existing	  practice.	  The	  addition	  to	  the	  
beekeepers’	  praxis	  by	  the	  Bee	  Lab	  kit	  is	  the	  complexity	  of	  the	  data	  that	  they	  can	  accrue	  and	  the	  
advantage	  of	  digital	  data	  enabling	  easier	  routes	  to	  sharing	  and	  aggregating	  community	  data.	  The	  
participants	  were	  motivated	  to	  take	  part	  as	  the	  BBKA’s	  intention	  of	  understanding	  ‘bee	  health’	  and	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the	  individuals’	  interest	  in	  monitoring	  aligned.	  The	  recruitment	  process	  for	  all	  of	  the	  activities	  was	  
relatively	  straightforward	  as	  the	  work	  was	  clear	  and	  transparent,	  used	  an	  existing	  network	  that	  
already	  communicate	  extensively	  by	  sharing	  skills	  and	  all	  activities	  were	  free.	  All	  of	  the	  work	  
corresponded	  to	  ethical	  procedures	  that	  were	  shared	  with	  the	  participants	  prior	  to	  any	  research.	  In	  
response	  to	  the	  research	  question,	  the	  work	  has	  developed	  the	  following	  key	  insights:	  	  
Digital	  economy	  of	  the	  data	  that	  people	  are	  trading	  	  
The	  Ethnographic	  work	  demonstrated	  the	  potential	  of	  a	  digital	  economy	  amongst	  the	  groups.	  The	  
data	  can	  hold	  value	  to	  parties	  for	  international	  trade.	  The	  participants	  were	  willing	  to	  share	  but	  they	  
did	  not	  have	  the	  means	  to.	  The	  parameters	  and	  deployment	  of	  the	  gathered	  data	  requires	  
verification,	  otherwise	  it	  will	  not	  hold	  value	  to	  other	  parties.	  The	  bigger	  conclusion	  is	  making	  
validation	  procedures	  that	  can	  be	  used	  internationally.	  The	  participants	  within	  the	  Bee	  Lab	  project	  
mainly	  concerned	  themselves	  with	  metrics	  and	  measurands	  that	  concerned	  themselves.	  To	  repeat	  
this	  type	  of	  activity	  successfully,	  a	  clear	  understanding	  of	  all	  stakeholders’	  value	  in	  data	  will	  help	  
form	  tradable	  digital	  economies.	  
Litigation	  and	  Open	  Design	  	  
In	  Appendix	  K,	  the	  work	  highlights	  the	  importance	  of	  creating	  repeatable	  standards	  that	  can	  be	  
based	  around	  a	  user	  or	  third	  part.	  To	  avoid	  the	  creation	  of	  ‘crapjects’	  and	  artefacts	  that	  are	  fit	  for	  
purpose	  a	  degree	  of	  standardisation	  is	  required	  not	  only	  to	  protect	  the	  creator	  but	  also	  the	  end	  
user.	  It	  is	  only	  a	  matter	  of	  time	  before	  the	  inevitable	  death	  of	  a	  child	  is	  caused	  by	  a	  creative	  parent	  
that	  3D	  prints	  a	  toy	  using	  a	  inappropriate	  method	  or	  material.	  Who	  will	  be	  liable	  for	  this?	  The	  author	  
is	  not	  saying	  stop	  these	  fantastic	  advancements,	  merely	  that	  users	  and	  stakeholders	  must	  remember	  
the	  dystopia	  to	  their	  utopia.	  
	  
The	  work	  also	  highlighted	  the	  need	  for	  accessible	  or	  integrated	  standards	  of	  operability,	  these	  could	  
be	  placed	  into	  systems	  or	  be	  housed	  within	  independent	  test	  centres.	  The	  inter-­‐operability	  could	  
ensure	  international	  systems	  or	  artefacts	  can	  function	  in	  harmony.	  The	  final	  point	  of	  litigation	  is	  who	  
is	  responsible	  for	  the	  creation	  of	  landfill?	  The	  production	  of	  goods	  and	  liability	  is	  conventionally	  held	  
with	  the	  manufacturer,	  when	  the	  manufacturer	  is	  democratised…	  who	  becomes	  responsible	  for	  the	  
waste	  created?	  	  
	  
Gamification	  	  
The	  PhD	  work	  highlighted	  that	  gamification	  and	  the	  peer	  competitions	  and	  investigations	  can	  be	  a	  
motivating	  factor	  in	  Citizen	  Science.	  Whilst	  this	  was	  not	  directly	  tested,	  the	  Sussex	  Wildlife	  
workshops	  demonstrated	  that	  a	  family	  could	  participate	  and	  ‘play’	  together	  in	  the	  landscape	  of	  the	  
data	  that	  they	  are	  creating.	  The	  work	  also	  demonstrated	  the	  ‘data	  pen	  pal’	  that	  could	  take	  
gamification	  international	  across	  schools	  and	  other	  parties	  that	  are	  of	  the	  correct	  age	  to	  be	  
motivated.	  The	  simple	  affects	  of	  games	  could	  create	  mutual	  exchange	  of	  data	  across	  a	  wider	  
internationally	  based	  audience	  with	  larger	  ramifications.	  	  	  
	  
The	  role	  of	  product	  champions	  	  
The	  Bee	  Lab	  project	  used	  project	  champions	  to	  recruit	  participants	  amongst	  their	  peers.	  This	  
method	  was	  very	  effective,	  as	  it	  did	  not	  need	  to	  advocate	  what	  it	  did;	  it	  relied	  on	  others	  to	  tell	  the	  
story	  that	  were	  gatekeepers	  to	  communities.	  The	  process	  needed	  to	  understand	  that,	  when	  the	  CS	  
project	  comes	  from	  within	  a	  community,	  it	  is	  not	  seen	  as	  espionage	  or	  Big	  Brother	  watching	  over	  
them.	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  Community	  data	  	  
There	  is	  a	  clear	  utopia	  in	  the	  Bee	  Lab	  project,	  but	  it	  is	  critical	  to	  view	  the	  dystopia	  in	  how	  the	  
community	  is	  sharing	  data.	  The	  participants	  were	  initially	  worried	  about	  how	  their	  beekeeping	  skills	  
were	  represented	  through	  the	  data	  that	  they	  were	  collating.	  Throughout	  the	  project	  it	  was	  
important	  to	  review	  the	  granularity	  of	  what	  they	  wish	  to	  share	  and	  how	  it	  needs	  to	  be	  analysed.	  
Finally,	  the	  participants	  needed	  to	  trust	  that	  what	  each	  party	  was	  collecting	  was	  accurate.	  Validation	  
procedures	  that	  can	  be	  used	  as	  a	  benchmark	  for	  others,	  would	  be	  important	  in	  the	  repetition	  of	  this	  
project	  and	  is	  build	  into	  the	  Open	  Design	  /	  Citizen	  Science	  map,	  located	  in	  appendix	  O.	  
	  
Carefully	  Consider	  Technology	  Assembly	  Design	  
	  
Study	  participants	  demonstrated	  assembly	  of	  data	  gathering	  equipment	  for	  their	  activities	  (Probe	  1	  
&	  ethnography),	  but	  struggled	  with	  100%	  construction	  in	  the	  Hackathon,	  due	  to	  the	  lack	  of	  
verification	  stages.	  If	  the	  project	  is	  using	  an	  Open	  Design	  approach	  to	  distribute	  technology,	  then	  the	  
project	  can	  initiate	  ‘open	  assembly’,	  as	  completely	  open	  inputs	  are	  not	  always	  appropriate,	  reducing	  
the	  overall	  quality	  of	  the	  project.	  Primarily	  the	  project	  initiator	  needs	  to	  decide	  why	  they	  are	  using	  
the	  process	  of	  Open	  Design	  for	  a	  Citizen	  Science	  project,	  is	  it	  for	  open	  assembly?	  Or	  is	  it	  because	  you	  
would	  like	  participants	  to	  contribute	  to	  the	  design	  direction	  or	  more	  technical	  details?	  If	  the	  desire	  
to	  use	  Open	  Design	  processes	  within	  a	  Citizen	  Science	  project	  is	  driven	  by	  enabling	  lay	  users	  to	  
participate,	  contribute	  and	  lead	  to	  a	  more	  inclusive	  project	  extending	  the	  organisation’s	  reach,	  then	  
the	  project	  should	  consider	  carefully	  who	  the	  target	  demographic	  is	  and	  align	  their	  skill	  set	  to	  an	  
appropriate	  technology	  or	  design	  the	  technology	  to	  be	  accessible	  and	  enabling.	  	  
Reciprocate	  Reward	  
	  
Data	  gathering	  activities	  need	  to	  promote	  mutual	  reciprocity	  amongst	  the	  initiating	  body	  and	  the	  
end	  user	  who	  is	  accruing	  the	  information	  (Hackathon,	  toolkit	  and	  deployment).	  The	  reciprocal	  
reward	  does	  not	  have	  to	  be	  based	  around	  financial	  incentives	  but	  a	  dual	  alliance	  in	  which	  the	  
individual	  accruing	  the	  information	  has	  just	  as	  much	  interest	  as	  the	  overarching	  organisation	  is	  
important.	  The	  motivation	  to	  participate	  in	  projects	  should	  be	  the	  priority	  of	  conventional	  models	  of	  
CS	  presented	  in	  the	  literature	  review.	  The	  OD/CS	  endeavour	  should	  continually	  motivate	  the	  
participant,	  not	  based	  on	  their	  locality	  and	  their	  willingness	  to	  look	  after	  their	  immediate	  
environment,	  but	  providing	  them	  with	  an	  enriched	  experience	  of	  an	  activity	  they	  either	  already	  do	  
or	  would	  see	  value	  in	  doing.	  The	  reward	  could	  contribute	  to	  an	  online	  presence	  or	  network,	  giving	  
the	  user	  points.	  However,	  it	  is	  considered	  more	  effective	  to	  enrich	  the	  data	  that	  participants	  are	  
already	  interested	  in	  accruing.	  	  
Align	  Activities	  within	  Active	  Existing	  Communities	  
	  
Aligning	  CS	  practices	  with	  and	  building	  equipment	  into	  a	  group	  that	  is	  already	  interested	  in	  the	  
accrued	  data	  meeting	  their	  own	  needs;	  providing	  motivation	  is	  a	  positive	  step	  to	  engagement,	  not	  
the	  other	  way	  round.	  The	  work	  identified	  that	  participants	  will	  also	  contribute	  to	  design	  
contributions	  if	  they	  are	  also	  motivated	  in	  the	  outputs.	  
Provide	  Translation	  Processes	  
	  
Engaging	  lay	  users	  who	  are	  unfamiliar	  to	  technological	  opportunities	  or	  the	  process	  of	  design,	  
requires	  translation	  processes	  to	  create	  concepts.	  These	  processes	  enable	  end	  users	  to	  identify	  their	  
personal	  interests	  in	  monitoring	  tasks	  or	  activities,	  mutually	  aligning	  their	  desires	  with	  the	  
organisation’s	  need.	  The	  process	  should	  enable	  end	  users	  to	  provide	  commentary	  and	  insights	  that	  
can	  be	  translated	  by	  a	  group	  of	  their	  peers,	  by	  creative	  technologists	  or	  by	  organisations	  into	  
tangible	  proposals	  based	  on	  functional	  and	  economic	  project	  considerations.	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Consider	  Personal	  Implications	  	  
	  
If	  the	  results	  are	  tied	  specifically	  to	  individuals	  or	  stakeholders,	  then	  projects	  need	  to	  consider	  how	  
the	  results	  could	  negatively	  impact	  on	  those	  individuals.	  If	  specific	  results	  are	  tied	  specifically	  to	  
individuals,	  for	  example,	  ‘their	  hive	  location’	  or	  ‘their	  child’s	  current	  exact	  location’,	  then	  the	  
sensitivity	  of	  that	  data	  requires	  consideration.	  Some	  of	  the	  stages	  of	  the	  data	  can	  be	  closed	  or	  used	  
internally.	  The	  data	  must	  consider	  negative	  impacts	  or	  legacies.	  For	  example,	  if	  the	  data	  identifies	  a	  
good	  fishing	  location,	  then	  it	  must	  consider	  the	  risk	  that	  it	  will	  become	  over	  fished,	  or	  overrun	  by	  
human	  traffic.	  To	  counteract	  these	  ‘implications’,	  create	  elements	  that	  participants	  can	  opt-­‐out	  of	  
without	  compromising	  the	  entire	  results,	  protecting	  the	  end	  user	  from	  negative	  or	  detrimental	  
information.	  Carefully	  consider	  what	  the	  negative	  uses	  of	  the	  data	  could	  be	  and	  try	  to	  design	  them	  
out	  of	  the	  project,	  if	  that	  is	  possible.	  
Explore	  Educational	  Links	  
	  
Link	  the	  project	  potential	  to	  curriculum	  education,	  not	  just	  in	  the	  acquisition	  of	  knowledge,	  but	  align	  
the	  assembly	  of	  the	  product	  with	  educational	  material	  that	  can	  present	  parallel	  learning.	  Education	  
institutions	  are	  a	  powerful	  resource	  that	  can	  provide	  a	  wealth	  of	  volunteers	  and	  networks	  as	  
participants.	  Creating	  resources	  that	  can	  align	  with	  educational	  resources	  means	  that	  CS/OD	  
projects	  can	  become	  learning	  resources	  that	  can	  be	  implemented	  nationally,	  or	  globally.	  	  
8.23 Future	  Work	  
All	  of	  the	  following	  topics	  for	  further	  work	  would	  require	  scoping	  workshops	  with	  stakeholders	  or	  
live	  testing	  in	  the	  wild.	  
-­‐ Open	  Data	  Control:	  Protocols	  that	  enable	  lay	  users	  to	  easily	  share	  and	  trace	  their	  active	  data	  for	  
Citizen	  Science	  activities,	  tracing	  its	  destination	  and	  use.	  
	  
-­‐ Open	  Design	  Systems:	  Systems	  or	  sub	  systems	  can	  be	  used	  by	  part	  suppliers	  to	  create	  assemblies	  
or	  complete	  products.	  This	  could	  form	  a	  repository	  (library)	  of	  common	  parts	  that	  are	  searchable,	  
citable,	  accessible	  and	  can	  interrelate.	  These	  systems	  could	  then	  be	  used	  locally	  in	  fab	  labs,	  
educational	  institutions	  or	  in	  domiciles.	  
	  
-­‐ Open	  Design	  Value:	  Users	  will	  always	  want	  something	  for	  free.	  When	  does	  the	  value	  of	  opening	  
design	  processes	  aid	  larger	  brands,	  corporations	  and	  organisations	  in	  helping	  other	  projects?	  
Open	  means	  accessible.	  Finances	  are	  needed	  for	  projects	  to	  sustain	  themselves	  in	  terms	  of	  server	  
space,	  domain	  rental,	  administration,	  troubleshooting	  etc.	  Explore	  the	  elements	  that	  users	  find	  
value	  in,	  identifying	  what	  should	  be	  ‘free’	  and	  what	  should	  be	  ‘accessible’.	  
	  
-­‐ Data	  Value:	  Investigate	  and	  comprehend	  the	  ‘value’	  of	  accrued	  OD/CS	  data	  over	  time,	  both	  for	  
individual	  and	  wider	  organisations,	  possibly	  leading	  to	  new	  models	  of	  digital	  economies	  and	  
revenue	  streams.	  	  
	  
-­‐ International	  Data	  ‘Pal’:	  In	  the	  1990s,	  foreign	  language	  lessons	  pursued	  the	  sending	  of	  foreign	  
language	  letters	  to	  pen	  pals	  and	  vice	  versa.	  This	  built	  international	  links,	  culture,	  learning	  skills	  
and	  broadened	  knowledge.	  Can	  the	  same	  ‘exchange’	  be	  conducted	  for	  digital	  monitoring,	  linking	  
schools	  and	  educational	  institutions	  around	  the	  globe	  in	  order	  to	  solve	  conservation	  challenges?	  
	  
-­‐ Construction	  Validation	  Service:	  Provide	  a	  lay	  user	  construction	  validation	  service	  either	  online	  
using	  augmented	  reality,	  or	  in	  Fablabs	  for	  local	  charities	  to	  validate	  lay	  users	  constructions	  for	  
OD/CS	  purposes.	  This	  service	  could	  also	  include	  the	  creation	  of	  accredited	  software	  ‘plug-­‐in’;	  
providing	  users	  with	  product	  and	  standard	  analysis	  could	  decrease	  the	  failure	  rate	  of	  those	  
outputs.	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-­‐ Testing	  Agenda	  Alignment:	  Exploring	  personal	  interests,	  hobbies	  and	  existing	  activities	  of	  users	  
with	  organisational	  agendas	  for	  CS	  activities.	  User	  activities	  and	  their	  enrichment	  from	  gathered	  
data	  can	  be	  reflected	  in	  other	  areas	  for	  Citizen	  Science	  activities,	  for	  example:	  fishermen	  and	  
water	  boards,	  children’s	  recreational	  playgrounds	  and	  air	  quality,	  ramblers	  and	  local	  farmers	  etc.	  	  
	  
The	  Bee	  Lab	  Kit	  process	  of	  aligning	  personal	  and	  organisational	  interests	  can	  be	  applied	  to	  other	  
areas,	  for	  example:	  revenue	  streams	  could	  be	  integrated	  into	  physical	  or	  armchair	  activities	  already	  
familiar	  to	  participants.	  These	  activities	  could	  align	  with	  hobbies,	  enriching	  the	  user’s	  experience	  and	  
responsibility	  for	  the	  environment	  in	  which	  their	  activity	  is	  located.	  For	  example,	  the	  recreational	  
sport	  of	  fishing	  (in	  fresh	  water)	  within	  the	  United	  Kingdom	  requires	  a	  rod	  licence	  that	  contributes	  to	  
the	  healthcare	  of	  the	  waterways.	  The	  rod	  license	  gives	  the	  user	  “the	  right	  to	  use	  a	  fishing	  rod”	  for	  
different	  fish	  categories,	  durations,	  and	  costs	  range	  up	  to	  £72	  a	  year	  (Environment	  Agency	  2013).	  
Initiatives	  such	  as	  fishing	  licences	  could	  be	  transformed	  into	  devices	  that	  communicate	  data	  back	  to	  
the	  Environmental	  Agency	  or	  another	  party.	  Weighing	  the	  caught	  fish	  is	  already	  standard	  practice	  
for	  course	  fishermen.	  Weight	  data	  could	  be	  captured	  along	  with	  other	  metrics	  and	  shared	  with	  the	  
wider	  community.	  	  
Could	  collated	  data	  then	  inform	  local	  retailers	  or	  communities	  about	  successful	  products?	  For	  
example,	  when	  a	  fish	  is	  caught,	  reciprocal	  information	  on	  location,	  weight,	  and	  species	  captured	  is	  of	  
potential	  benefit	  to	  individuals	  who	  fish.	  The	  fishing	  community	  or	  club	  could	  also	  be	  interested	  in	  
the	  data	  if	  its	  members	  wanted	  to	  replicate	  the	  conditions.	  A	  third	  party	  could	  use	  the	  collated	  data	  
to	  monitor	  fish	  stocks,	  migratory	  patterns,	  health	  of	  the	  waterways,	  or	  biodiversity,	  and	  to	  
determine	  whether	  a	  location	  needs	  to	  be	  temporarily	  closed	  to	  avoid	  overfishing,	  all	  of	  which	  
presents	  value	  in	  the	  lay	  user’s	  gathering	  of	  data.	  These	  alignments	  present	  design	  intervention	  
opportunities	  around	  the	  globe	  for	  local,	  global,	  city	  or	  countryside	  issues.	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